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Elk (Cervus elaphus nelsoni) habitat use, distribution, and 
nutritional condition, as affected by cattle (Bos taurus), were 
investigated in east-central Idaho from January 1985 through December 
1986. Forty-one aerial surveys were conducted and 720 radio-marked elk 
locations were used in data analysis. Habitat parameters measured from 
mapped summer-fall locations were compared to parameters measured at 
random locations. Elk use and selection of habitat parameters were 
similar in pastures of cattle grazing allotments to elk use and 
selection in non-pasture areas. The extent to which cattle influenced 
elk habitat use and selection was undetermined because some differences 
were attributed to a natural shift in elk use to the non-pasture area 
during late summer and fall and to vegetation differences between 
pastures and non-pasture areas. 
Elk preferred the same 2 pastures and avoided the remaining pastures 
and non-pasture areas on summer-fall range during this study. Of the 2 
pastures used most by elk (1 each on the Wildhorse and Herd Creek 
allotments), a preference was shown for whichever pasture was ungrazed 
by cattle early in the grazing season, even to the extent of preferring 
a pasture occupied by cattle late in the cattle grazing season to an 
unoccupied pasture that had been grazed earlier in the season. Major 
shifts in elk use did not occur in response to the rotation of cattle 
among pastures of the Herd Creek allotment. 
Pellet collections were conducted from June 1985 through December 
1986. The level of diaminopimelic acid (DAPA) in fecal samples was 
determined through chemical analysis in an effort to estimate dietary 
quality and animal nutritional condition. DAPA levels were highest 
during spring and lowest during winter, reflecting the annual cyclic 
pattern expected in forage quality. Comparison of DAPA levels from 
pellets collected in areas grazed by cattle to areas ungrazed by cattle 
suggested dietary quality for elk was unaffected by cattle grazing. 
Because the specific correlation between DAPA and digestible energy has 
not yet been established for elk, and because basic assumptions of this 
method have not been adequately verified, results concerning the 
nutritional condition of elk are inconclusive when using this method. 
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THESIS INTRODUCTION 
On rangelands cohabited by elk and cattle, today's wildlife or 
range manager is challenged to "obtain maximum benefit for each 
population without significantly reducing the range's carrying capacity 
as required by the other" (Lyon and Ward 1982:463). To achieve these 
results, the manager must be knowledgeable about the interactions that 
occur between these species and how the environment is affected when 
both ungulates occur in the same area. 
Efforts to understand the relationship between elk and cattle and 
their use of the range began in the early 1900's with initial studies 
focused on forage competition (Morris 1956). Results of these studies 
have revealed several often-interrelated factors that influence forage 
competition, including diet similarity, relative availability of each 
forage species, relative importance of each forage species, animal 
distribution patterns, utilization, and time and duration of grazing 
(Nelson 1982). 
During recent years, disturbance competition, the passive form of 
social interaction, has also been recognized as a potentially 
significant aspect of the relationship between elk and cattle (Nelson 
1982, Lyon 1985, Mackie 1985). Under some circumstances, elk appear to 
avoid or leave an area if cattle are present or if cattle were 
previously in the area (Jeffrey 1963, Burbridge and Neff 1975, Nelson 
and Burnell 1975, Knowles and Campbell 1982, Lonner and Mackie 1983, 
Wallace 1984, Lyon et al. 1985, Gniadek 1987). 
Mackie (1985) suggested that changes in elk movements, elk habitat 
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use, and elk food habits would likely become evident (in that order) 
under the pressures of increasing competition between elk and cattle. 
If Mackie's proposal is correct, research on the Herd Creek allotment in 
east-central Idaho suggests competition has already begun in this area. 
During 3 sequential studies, from May 1976 through December 1979, elk 
distribution and habitat use appeared to be affected by the presence of 
cattle on this range (Wittinger 1978, Kvale 1981, Yeo 1981). 
Currently, the U.S. Forest Service is considering an increase in 
animal unit months (AUM's) on the Herd Creek and adjacent Wildhorse 
allotments (U.S. Dep. Agric. 1985), and the Idaho Department of Fish and 
Game plans to allow an increase in elk numbers in the same general 
vicinity in Game Management Units 36A, 37, and 50 (Toweill et al. 1985). 
This study was initiated to obtain additional information about 
elk-cattle interactions and aid in future management in east-central 
Idaho. I conducted field investigations on public rangeland during 1985 
and 1986 through aerial radio-tracking surveys, habitat analysis, and 
pellet collections. 
Objectives of this study were to: (1) document movements of 
radio-marked elk in relation to cattle distribution on summer-fall 
range; (2) determine habitat use by radio-marked elk in relation to 
cattle distribution on summer-fall range; (3a) use the diaminopimelic 
acid (DAPA) method to compare the nutritional well-being of elk 
subjected to livestock with that of undisturbed elk; and (3b) develop a 
year-round DAPA profile for the elk herd that winters on Willow Creek 
Summit. 
This thesis follows guidelines presented by Ratti and Ratti (1988) 
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for preparing manuscripts for submission to The Journal of Wildlife 
Management. Deviations from this format were made to provide for thesis 
continuity and to meet requirements of the University of Montana 
graduate school for thesis preparation. Each chapter is complete to be 
used as a manuscript for publication. 
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CHAPTER I 
ELK HABITAT SELECTION AS INFLUENCED BY CATTLE IN EAST-CENTRAL IDAHO 
ABSTRACT 
Elk habitat use in pastures of 2 cattle-grazing allotments was 
similar to elk use in adjacent non-pasture areas. In pastures, elk 
preferred forested areas? meadows and riparian areas? upper slopes? 
elevations >2,636 m (8,503 ft)? west, north, northwest, and southeast 
aspects? slope gradients <30%? areas ^409 m (0.25 mi) from a moist site? 
and areas <186 m (600 ft) from an ecotone. In non-pasture areas, elk 
preferred forested areas? meadows and riparian areas? upper slopes? 
elevations ^2,636 m (8,503 ft)? west, northwest, and southeast aspects? 
slope gradients 15-30%? areas 410-818 m (0.25-0.50 mi) from a moist 
site? and areas <186 m (600 ft) from an ecotone. 
Results were obtained from 33 aerial surveys conducted 1 May-31 
October during 1985 and 1986. Habitat variables were measured from 567 
mapped radio-locations of 24 radio-marked cow elk. The Chi-square 
goodness-of-fit test and Bonferroni Z confidence intervals were applied 
to habitat variables to determine preference or avoidance. A modified 
preference index was used for comparison of utilization when 
availability varied. 
INTRODUCTION 
In an effort to understand the basis of elk habitat selection, 
researchers have often focused on qualitative and quantitative 
measurements of various physical and biological factors of the 
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environment (Jeffrey 1963, Mackie 1970, Lemke 1975, Marcum 1975, 
Lehmkuhl 1981, Edge et al. 1987). Potential factors affecting elk 
habitat selection include topographic features, weather, food, cover, 
space, water, salt, specialized habitats (such as calving areas, 
wallows, and trails), predators, insects, humans, and behavioral 
characteristics (Skolvin 1982). Similarly, cattle use of mountainous 
habitats has also been investigated with respect to many of the same 
factors (Julander 1955, Mueggler 1965, Roath and Krueger 1982, Gniadek 
1987). 
Habitat selection factors have also been used in an attempt to 
determine whether cattle have any affect on elk habitat selection when 
both species occupy the same range (Julander and Jeffrey 1964, Knowles 
1975, Nelson and Burnell 1975, Komberec 1976, Howes 1977, Wittinger 
1978, Kvale 1981, Yeo 1981, Wallace 1984, Gniadek 1987, Wallace and 
Krausman 1987). Collectively, results of these studies are varied and 
do not indicate any consistent pattern of elk habitat selection in the 
presence of cattle. 
Mackie (1985) suggests that generalizations about the 
interrelationship between elk and cattle are not appropriate because of 
habitat differences among rangelands in the western states and that 
studies on various rangelands are warranted. The purpose of this study 
was to determine if elk habitat selection was affected by cattle use on 
summer range in east-central Idaho. The null hypothesis was that no 
difference occurred between elk habitat selection in pastures of 2 
cattle-grazing allotments and in non-pasture areas on summer-fall range. 
7 
STUDY AREA 
The study area consists of 78,267 ha in the mountainous region of 
east-central Idaho, 45 km southeast of Challis (Fig. 1.1). The 
Pahsimeroi and Lost River ranges border the study area on the north, and 
the Pioneer Mountains border a section along the southern edge. Within 
this portion of Custer County, landownership is primarily U.S. Forest 
Service and Bureau of Land Management (BLM), with interspersed state and 
private land. 
Topography varies from wide, flat valleys to steep, rugged 
mountains with elevations ranging from 2,000 to >3,400 m. The study 
area includes portions of 2 major river drainages, the East Fork of the 
Salmon River and the Big Lost River. These 2 drainages are separated by 
a prominent ridge that extends in a general northeast to southwest 
direction through much of the study area. 
Temperature and precipitation information was summarized from data 
collected at the U.S. Forest Service station in Challis (elev. 1,575 m). 
Due to higher elevations and rugged terrain, precipitation on the study 
area is expected to be higher and temperatures lower than recorded at 
Challis but trends are assumed to be similar. 
During this study, temperatures were generally warmer and 
precipitation was slightly lower than averages for the previous 9-year 
period (1976-84). On a monthly basis, the average high temperature 
occurred during July 1985 (23 C) and August 1986 (21 C), and the average 
low temperature occurred during December 1985 (-14 C) and January 1986 
(-9 C). During the previous 9 years, the average monthly high occurred 
CHALLIS 
OICKEYT 
PK.^. 
WILLOW 
CK. SUMMIT 
aanocrson^ 
i PK. I 
MACKAY Cr##H 
RYAN ^ 
,PK^Y 
Fig 1.1. Study area, east-central Idaho, 1985 and 1986. 
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in July (20 C) and the average monthly low during January (-8 C). 
Annual precipitation was 17 cm during 1985 and 18 cm during 1986 (Fig. 
1.2). The 9-year average annual precipitation was 21 cm. Precipitation 
during the month of September, 1985 and 1986, was much higher than the 
9-year average. 
Vegetation is a mosaic of sagebrush (Artemisia spp.) interspersed 
with forest, riparian, and mountain-mahogany (Cercocarpus ledifolius) 
communities. 
Sagebrush types cover about 58% of the study area, with mountain 
big sagebrush (^ tridentata vaseyana) and Wyoming big sagebrush (^ t. 
wyomingensis) communities dominating. Other, less common sagebrush 
species include basin big sagebrush (^ ̂  tridentata)> threetip 
sagebrush (^ tripartita), and low sagebrush (^ arbuscula). A detailed 
description of sagebrush community types within summer-fall range of the 
study area is provided by Wittinger (1978). 
Twenty-six percent of the study area is forested. Douglas-fir 
(Pseudotsuga menziesii) and subalpine fir (Abies lasiocarpa) series are 
the predominant forest types in this region of Idaho (Steele et al. 
1981). The transition zone between Douglas-fir and subalpine fir occurs 
at elevations of about 2,635 m on the study area. Occasionally, limber 
pine (Pinus flexilis) is found within the lower elevations of the 
Douglas-fir zone. Engelmann spruce (Picea enqelmannii)^ most often 
associated with cool, moist sites (mainly along streams), and lodgepole 
pine (Pinus contorta) extend into both series from the transition zone. 
Whitebark pine (Pj_ albicaulis) occurs with subalpine fir or in pure 
stands at elevations >2,790 m in the general vicinity of the North Fork 
10 
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Fig. 1.2. Comparison of average monthly precipitation for 1985 and 
1986 to monthly averages for previous 9-year (1976-84) period, Challis, 
Idaho. 
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of the Big Lost River, East Pass Creek, and Meridian Creek. 
Riparian areas and meadows represent 4% of the study area. With 
few exceptions, streams are narrow and fairly shallow, and riparian 
zones are restricted to within short distances of streambanks. Meadows 
are scattered throughout the summer-fall range and are often at the 
upper ends of drainages at relatively high elevations. 
Mountain-mahogany communities represent 7% of the study area and 
are associated with steep slopes and rock outcrops. Most of the 
mahogany is located in the northern half of the study area. Scree or 
rock outcrops with minimal vegetation represent 5% of the study area. 
Summer-fall range (54,268 ha) encompasses pastures of 2 large 
grazing allotments of the Challis National Forest (Fig. 1.3). The 
Wildhorse allotment operates under a 6-pasture rest-rotation grazing 
system with 2 pastures usually scheduled for rest on an annual basis. 
Each year, cattle are scheduled to enter the allotment on 1 June and 
graze until 30 September. Cattle enter the allotment on 1 pasture and 
move through subsequent pastures as scheduled. The usual stocking level 
is 1,800 cow-calf pairs (3,600 cattle). However, during 1986 only 1,100 
cow-calf pairs were grazed. The study area encompasses Pasture 1 (Pinto 
Creek), which contains 4,210 ha; Pasture 2 (Twin Bridges), which 
contains 3,989 ha; and half of the North Fork pasture. The portion of 
the North Fork pasture within the study area. Pasture 3 (North Fork), 
contains 4,718 ha. 
The Herd Creek allotment operates under a 3-pasture rest-rotation 
grazing system. Each year, cattle are scheduled to enter the allotment 
on 16 June and graze until 31 October. During this study, cattle did 
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ALLOTMENTS 
O HERD CREEK 
• WILDHORSE 
Summer -Fall 
Range 
Winter-Spring 
Range 
zn 
KM 
Fig. 1 3. Winter-spring (1 Nov-30 Apr) and suminer-fail (1 May-31 Oct) 
range and pastures, Herd Creek and Wildhorse allotments, east-central 
Idaho, 1985 and 1986. (Pasture; 1-Pinto Creek, 2-Twin Bridges, 3-North 
Fork, 4-Herd Creek, 5-Lake Basin.) 
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not enter pastures within the study area until 21 June, Cattle were 
rotated between 2 pastures on an early (21 Jun-26 Aug) and late 
(27 Aug-31 Oct) schedule while 1 of 3 pastures was rested for the entire 
year. Stocking level is normally 666 cow-calf pairs. During 1985, the 
stocking level was 582 cow-calf pairs; during 1986, 575 cow-calf pairs. 
Two of 3 pastures are within study area boundaries: Pasture 4 (Herd 
Creek) contains 6,221 ha, and Pasture 5 (Lake Basin) contains 7,000 ha. 
Wittinger (1978) provided a detailed description of this allotment. 
Pasture boundaries of cattle allotments are defined by fencelines 
or topographical features such as steep, rocky ridgelines. The major 
ridgeline extending through the summer-fall range provides a common 
boundary between the 2 allotments. 
Within the 5 pastures, 21% of the area is forested. Forested areas 
are most often associated with north-facing slopes or with drainages 
with streams containing water all or most of the year. 
The remainder of the summer-fall range, or the "non-pasture" area 
(28,130 ha), is 44% forested. Forested areas are more prevalent in the 
southwestern end of the study area and are commonly found on all aspects 
in the non-pasture areas southwest of the pastures. 
Due to rough terrain and lack of roads, access to the summer-fall 
range, from May-October, is primarily on foot or horseback. Access to 
winter-spring range, from November-April, is possible in several areas 
by vehicles and/or snowmobiles. 
METHODS 
During the winters of 1983-84 and 1984-85, 24 cow elk were fitted 
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with radio collars (Telonics, Inc., Mesa, Ariz,) by personnel of the 
Idaho Department of Fish and Game and cooperating agencies. Elk were 
captured along Sheep Creek (northwest of Willow Creek Summit) using 
collapsible Clover traps baited with alfalfa. Trapping was conducted 
from late November through mid-January. 
Aerial telemetry surveys were conducted during 1985 and 1986. 
Flights were conducted at least once a month (except Mar and Nov 1985, 
and Jan-Apr 1986, when no flights were made). During 1985, flights were 
scheduled biweekly (every 2 weeks) during April, June, and October and 
weekly from July through September. During 1986, biweekly flights were 
scheduled during June, September, and November and weekly during July, 
August, and October. Inclement weather and schedule conflicts with the 
pilot required rescheduling some flights. 
All aerial surveys (except Jan 1985) were conducted from a Maule 5 
fixed-wing aircraft specially modified for wildlife research. A 
Telonics H-antenna was attached to each wing strut, and a 6-element Yagi 
antenna was attached to 1 of 2 struts. Radio-frequency signals were 
received through a Telonics receiver and scanner. Locations of 
radio-collared elk were obtained using the LORAN-C Navigation System. 
By positioning the airplane directly over the radio-collared elk and 
calculating bearings, latitude and longitude coordinates were provided 
for the area directly below the plane. Visual elk locations were 
plotted on aerial photographs when possible. 
Study area boundaries and seasonal ranges were based on elk 
radio-locations, topography, and snow melt. Elk were on winter-spring 
range from November through April and on summer-fall range from May 
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through October. 
All radio-locations were recorded in latitude and longitude 
coordinates (degrees, minutes, hundredths of minutes) by the LORAN-C 
Navigation System. Each location was plotted on a mylar overlay using 
the appropriate 1;24000-scale topographic map as a base map. Universal 
Transverse Mercator (UTM) coordinates were determined for each location 
for use in data analysis. Conversion from latitude and longitude to UTM 
was done using a computer program for 1985 locations, and read directly 
from the topographic maps, using a grid, for 1986 locations. 
Eight habitat variables were obtained for each location using 
1:24000-scale topographic and orthophoto maps: cover type, overstory 
canopy cover, elevation, slope position, aspect, percent slope, distance 
to nearest moist site, and distance to nearest ecotone. 
Four general categories of cover type were defined: 
sagebrush-grass; forest; riparian-meadow (i.e., riparian areas or 
meadows); and rock-mahogany (i.e., rocky areas or mahogany). Areas were 
mapped by cover type category if they were at least 40 acres (16.2 ha) 
in size, exceptions were meadows which were mapped to 2 acres (0.8 ha). 
Cover types were mapped for the entire study area on mylar overlays 
using 1:24000-scale orthophotos as base maps. Forested areas were 
further delineated into 4 categories of overstory canopy cover: 1-25%, 
26-75%, 76-100%, and 0% (for the remaining cover types). Aerial photos, 
1:15840-scale, were used in estimating overstory canopy cover. 
Elevation was recorded to the nearest 12 m (40 ft)^ for each 
^Meter (m) equivalents of measurements recorded in feet (ft) and 
miles (mi) were calculated as: m = 0.31 x ft; and m = 1,636 x mi. 
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location. During analysis, elevations were grouped into 5 classes: 
<2,015 m (6,500 ft), 2,015-2,325 m (6,500-7,500 ft), 2,326-2,635 m 
(7,503-8,500 ft), 2,636-2,945 m (8,503-9,500 ft), and >2,945 m 
(9,500 ft). 
Slope position involved 4 subjective categories based on location 
in primary drainages. Ridgetops encompassed areas along primary 
ridgelines. Upper slopes were areas extending just below the primary 
ridgelines to one-third the distance down the slope. Lower slopes 
encompassed stream bottoms to one-third the distance up the slopes. 
Middle slopes were between upper and lower slopes. Percent slope was 
recorded in 3 categories: <15%, 15-30%, and >30%. 
Aspect for each location was recorded in 1 of 9 categories: W, NW, 
N, NE, E, SE, S, SW, and No aspect. No aspect, or flat areas, included 
ridgetops, valley bottoms, benches, and saddles. 
Moist sites were those streams, seeps, or springs that provided 
surface water throughout all or most of the year. The distance from a 
radio-marked elk location to the nearest moist site was categorized into 
1 of 4 classes: £409 m (0.25 mi), 410-818 m (0.25-0.50 mi), 819-1,636 m 
(0.50-1.0 mi), and ^1,637 m (1.0 mi). Distance to the nearest moist 
site was measured to the nearest millimeter on the topographic maps 
(which translates into the nearest 25 m [81 ft] on-the-ground). 
Ecotone was defined as the interface between any 2 of the 4 cover 
types. The distance from a radio-marked elk location to the nearest 
ecotone was categorized into 1 of 6 classes: £31 m (100 ft), 32-186 m 
(103-600 ft), 187-341 m (603-1,100 ft), 342-496 m (1,103-1,600 ft), 
497-651 m (1,603-2,100 ft), and ^652 m (2,103 ft). Distance to the 
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nearest ecotone was measured to the nearest millimeter on the 
topographic maps (which translates into the nearest 25 m [81 ft] 
on-the-ground). 
For use-availability data analysis, "use" of habitat variables was 
determined from radio-marked elk locations. "Availability" of habitat 
variables was estimated using random point non-mapping technique (Marcum 
and Loftsgaarden 1980). The same 8 habitat variables obtained from 
radio-marked elk locations were also obtained from each random point. 
The Chi-square goodness-of-fit test (Neu et al. 1974, Byers et al. 
1984) was used to evaluate the null hypothesis that categories of each 
variable were used in proportion to their availability. Bonferroni Z 
confidence intervals were then applied only to rejected variables to 
determine which were significantly preferred or avoided. Data were 
analyzed separately for (1) areas with cattle (pastures), and (2) areas 
without cattle (non-pasture areas). 
In the following results and discussion, "selection for" or 
"preference" indicates elk use of habitat was more than expected based 
on availability, and "selected against" or "avoidance" indicates elk use 
was less than availability. "Significant" indicates statistically 
significant differences between use and availability (P < 0.05). 
Habitat preference indices have been used to express relative 
preference and avoidance in greater prairie chicken and beaver studies 
(Robel et al. 1971, Easter-Pilcher 1987). To facilitate comparisons 
between variables and between pastures and non-pasture areas, I 
calculated a modified preference index (MPI) for each variable category 
using the following equation: 
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MPI = (utilization - availability) / availability. 
MPI values >0 indicate preference; MPI values <0 indicate avoidance. 
Results are presented for each habitat parameter with a focus on MPI 
values and the general patterns exhibited by ranking these values. 
RESULTS 
A total of 41 aerial surveys resulted in 746 radio-marked elk 
locations during 1985 and 1986 (Table 1.1). During 1985, 467 locations 
were obtained from 22 flights, and during 1986, 279 locations were 
obtained from 19 flights. Fewer radio-marked elk locations were made 
during progressive flights because, over the 2-year period, 8 elk were 
killed by hunters (5 verified, 3 unverified), 1 elk was killed after 
hunting season closed in 1985, and 2 radio transmitters failed and/or 
the animals moved to areas out of receiving range. 
Twenty-six radio-locations were eliminated from analysis (10 from 
1985, and 16 from 1986) because they were considered outliers (i.e., 
they extended beyond major topographical features that encompassed 96% 
of all locations made). Therefore, 720 radio-marked elk locations were 
used in data analysis. Seventy-nine percent (n = 567) of these radio 
locations were obtained on summer-fall range from 33 aerial surveys. 
Most radio locations (86%, n = 620) were obtained between 0700 and 1500 
hours. 
Forests, riparian areas, and meadows were preferred by elk in 
pastures and non-pasture areas, but sagebrush-grass, rock areas, and 
mahogany were avoided in both areas (Table 1.2). Greatest elk use 
occurred in cover types of greatest availability; sagebrush-grass types 
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Table 1.1. Number of radio-marked elk located during each aerial survey 
flight, east-central Idaho, 1985 and 1986. 
1985 1986 
No. of No. of 
No. of radio- No. of radio-
Date of radio- marked elk Date of radio- marked elk 
flight marked elk located flight marked elk located 
Jan 30 
Feb 26 
24 
24 
24 
23 
Apr 8 
25 
24 
24 
23 
9 
May 8 
Jun 3 
17 
24 
24 
24 
22 
23 
23 
May 29 
Jun 2 
24 
19 
19 
19 
16 
16 
16 
Jul 1 
8 
15 
2 2  
29 
24 
24 
24 
24 
24 
23 
23 
23 
22 
2 1  
Jul 2 
22  
28 
19 
19 
19 
15 
15 
16 
Aug 6 
16 
2 0  
26  
24 
24 
24 
24 
2 1  
2 1  
2 1  
2 1  
Aug 5 
1 1  
25 
19 
19 
19 
15 
17 
16 
Sep 5 
16 
30 
24 
24 
24 
17 
22 
23 
Sep 9 
22 
19 
19 
16 
16 
Oct 14 
24 
23 
22 
22 
2 1  
Oct 3 
8 
13 
20 
29 
18 
16 
16 
16 
14 
14 
14 
14 
14 
13 
Nov 14 
20 
13 
13 
12 
12 
Dec 22 2 1  19 Dec 16 13 12 
Total 522 467 328 279 
Table 1.2. Availability and elk use of cover type in pastures and non-pasture areas on summer-fall 
(1 May-31 Oct) range, east-central Idaho, 1985 and 1986 combined. 
Proportion No. No. Proportion Modified 
Total of total of elk of elk elk observed Preference 
Cover type random available^ expected^ observed in each Index^ 
class points (Pa) (E) (O) class (MPI) Rank y? df 
Pastures 
Forested 74 0.207 81 95 0.244 +0.2 2 
Sagebrush-Grass 243 0.681 265 229*^ 0.589 -0.1 3 16.300 3 <0.05 
Riparian-Meadow 25 0.070 27 57^ 0.147 + 1.1 1 
Rock-Mahogany 15 0.042 16 8 0.021 -0.5 4 
Total 357 (n^) 389 (112) 
ton-pasture areas 
Forested 173 0.435 77 141^ 0.792 +0.8 1 
Sagebrush-Grass 166 0.417 74 21^ 0.118 -0.7 3 74.8 3 <0.05 
Riparian-Meadow 17 0.043 8 12 0.067 +0.5 2 
Rock-mhogany 42 0.106 19 4^ 0.023 -0.8 4 
Total 398 (n-,) 178 (112) 
^EjqDected elk proportions if elk occurred in each cover type class in exact proportion to availability. 
^Calculated as Pa x n2. 
^MPI = (O - E)/E; observed use is greater than expected use (+); observed use is less than expected use (-). 
^Observed elk use is greater or less than expected by chance (P < 0.05). 
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were most used in pastures, and forested types were most used by elk in 
non-pasture areas. 
In pastures, overstory canopy cover >25% was preferred, and 
overstory canopy cover <25% and open areas (0% canopy cover) were 
avoided by elk (Table 1.3), Forested areas (1-100% canopy cover) were 
preferred by elk, and open areas were avoided in non-pasture areas. 
Most elk use in pastures occurred in open areas—the canopy cover 
category of greatest availability. Elk use was highest in forested 
areas, with overstory canopy cover of 26-75%, in non-pasture areas. 
Elk preferred upper elevations, ^2,636 m (8,503 ft), in both areas 
of the summer-fall range and avoided lower elevations (Table 1.4). 
Elevations >2,945 m (9,500 ft) were most preferred by elk in pastures, 
although availability of these elevations in pastures was less than 3%. 
Elk preferred upper slope positions in pastures and non-pastures 
(Table 1.5). Lower slopes were avoided by elk in both areas and 
ridgetops were avoided in pastures. 
Northwestern, southeastern, and western aspects were preferred by 
elk in pastures and non-pasture areas (Table 1.6). Northeastern, south, 
southwestern, and essentially flat areas (no aspect) were avoided by elk 
in pastures and non-pasture areas. Greatest elk use occurred on 
northwestern and western slopes in pastures, and on eastern and 
southeastern slopes in non-pastures. 
Slopes 15-30% were preferred in pastures and non-pasture areas 
(Table 1.7). Elk also preferred slopes <15% in pastures. However, 
slopes >30% were the most abundant and elk use was greatest on these 
slopes. 
Table 1.3. Availability and elk use of overstory canopy cover in pastures and non-pasture areas on 
summer-fall (1 May-31 Oct) range, east-central Idaho, 1985 and 1986 combined. 
Proportion No. No. Proportion Modified 
Overstory Total of total of elk of elk elk observed Preference 
canopy cover random available^ expected^ observed in each Index^ 
class (%) points (Pa) (E) (O) class (MPI) Rank df 
Pastures 
0 
1- 25 
26- 75 
76-100 
283 
13 
38 
23 
0.793 
0.036 
0.106 
0.064 
309 
14 
41 
25 
294 
9 
50 
36 
0.756 
0.023 
0.129 
0.093 
-0.1 
-0.4 
+0.2 
+0.4 
3 
4 
2 
1 
4.1 >0.05 
Total 357 (n^) 389 (n^) 
Non-pasture areas 
0 
1- 25 
26- 75 
76-100 
225 
15 
102 
56 
0.565 
0.038 
0.256 
0.141 
101 
7 
45 
25 
37C 
13. 
72C 
56̂  
0.208 
0.073 
0.404 
0.315 
-0.6 
+0.9 
+0.6 
+  1 . 2  
4 
2 
3 
1 
65.8 <0.05 
Total 398 (n-,) 178 (n2) 
^Expected elk proportions if elk occurred in each overstory canopy cover class in exact proportion to 
availability. 
^Calculated as Pa x 112. 
^MPI = (O - E)/E; observed use is greater than expected use (+); observed use is less than expected use (-). 
^Observed elk use is greater or less than expected by chance (P < 0.05). 
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Table 1.4. Availability and elk use of elevation in pastures and non-pasture areas on summer-fall 
(1 May-31 Oct) range, east-central Idaho, 1985 and 1986 combined. 
Proportion No. No. Proportion Modified 
Tbtal of total of elk of elk elk observed Preference 
Elevation random available^ expected^ observed in each Index^ 
class (m) points (Pa) (E) (0) class (MPI) Rank df 
Pastures 
<2,015 
2,015-2,325 
2,326-2,635 
2,636-2,945 
>2,945 
16 
65 
179 
89 
8 
0.045 
0.182 
0.501 
0.249 
0.022 
17 
71 
195 
97 
9 
155": 
201^ 
30^ 
0.000 
0.008 
0.398 
0.517 
0.077 
-1.0 
- 1 . 0  
- 0 . 2  
+ 1 . 1  
+2.3 
5 
4 
3 
2 
1 
129.1 <0.05 
Total 357 (n^ 389 (n2) 
Non-pasture areas 
<2,015 
2,015-2,325 
2,326-2,635 
2,636-2>945 
>2,945 
1 
103 
128 
108 
58 
0.003 
0.259 
0.322 
0.271 
0.146 
1 
46 
57 
48 
26 
30"; 
116^ 
29 
0.000 
0.017 
0.169 
0.652 
0.163 
- 1 . 0  
-0.9 
-0.5 
+ 1.4 
+0.1 
5 
4 
3 
1 
2 
95.7 <0.05 
Total 398 (n^) 178 (n2) 
^Expected elk proportions if elk occurred in each elevation class in exact proportion to availability. 
^Calculated as Pa x n2-
^MPI = (O - E)/E; observed use is greater than expected use (+); observed use is less than expected use (-). 
^Observed elk use is greater or less than expected by chance (P < 0.05). 
Table 1.5. Availability and elk use of slope position in pastures and non-pasture areas on summer-fall 
(1 May-31 Oct) range, east-central Idaho, 1985 and 1986 combined. 
Proportion No. No. Proportion Modified 
Total of total of elk of elk elk observed Preference 
Slope position random available^ expected^ observed in each Index^ 
class points (Pa) (E) (O) class (MPI) Rank df 
Pastures 
Lower 
Middle 
Upper 
Ridgetop 
Total 
82 
67 
117 
57 
0.254 
0.207 
0.362 
0.177 
323 (n^) 
91 
74 
130 
63 
44̂  
65. 
211^ 
38̂  
358 (112) 
0.123 
0.182 
0.589 
0.106 
-0.5 
-0.1 
+0.6 
-0.4 
4 
2 
1 
3 
40.6 <0.05 
Non-pasture areas 
Lower 
Middle 
Upper 
Ridgetop 
Total 
152 
56 
112 
41 
0.421 
0.155 
0.310 
0.114 
361 (n^) 
70 
26 
51 
19 
36"-
25. 
85̂  
20 
166 (n2) 
0.217 
0.151 
0.512 
0.121 
-0.5 
0 . 0  
+0.7 
0 .1  
4 
3 
1 
2 
25.7 <0.05 
^Expected elk proportions if elk occurred in each slope position class in exact proportion to availability. 
^Calculated as Pa x n2. 
^MPI = (O E)/E; observed use is greater than expected use (+); observed use is less than expected use (-). 
^Observed elk use is greater or less than expected by chance (P < 0.05). 
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Table 1.6. Availability and elk use of aspect in pastures and non-pasture areas on summer-fall 
(1 May-31 Oct) range, east-central Idaho, 1985 and 1986 combined. 
Proportion No. No. Proportion Modified 
Total of total of elk of elk elk observed Preference 
random available^ expected^ observed in each Index^ 0 
Aspect points (Pa) (E) (0) class (MPI) Rank X df P 
Pastures 
W 45 0.126 49 67 0.172 +0.4 2 
NW 17 0.048 18 81^ 0.208 +3.5 1 
N 41 0.115 45 50 0.129 +0.1 3 
NE 55 0.154 60 29^ 0.075 -0.5 5 
E 59 0.165 64 59 0.152 -0.1 4 76.4 8 <0.05 
SE 42 0.118 46 49 0.126 +0.1 3 
S 37 0.104 40 26 0.067 -0.4 4 
SW 41 0.115 45 27 0.069 -0.4 4 
No aspect 20 0.056 22 1^ 0.003 -1.0 6 
Total 357 (£1) 389 (n2 ) 
Non-pasture areas 
W 30 0.075 13 16 0.090 +0.2 3 
NW 33 0.083 15 26 0.146 +0.7 1 
N 46 0.116 21 15 0.084 -0.3 7 
NE 55 0.138 25 21 0.118 -0.2 6 
E 83 0.209 37 38 0.214 0.0 4 20.7 8 <0.05 
SE 49 0.123 22 35 0.197 +0.6 2 
S 47 0.118 21 13 0.073 -0.4 8 
SW 30 0.075 13 12 0.067 -0.1 5 
No aspect 25 0.063 11 2^ 0.011 -0.8 9 
Total 398 (n^) 178 (n2 ) 
^Expected elk proportions if elk occurred in each cover type class in exact proportion to availability. 
^Calculated as Pa x n2' 
^MPI = (O - E)/E; observed use is greater than expected use (+)j observed use is less than expected use (-). 
^dDserved elk use is greater or less than expected by chance (P < 0.05). 
Table 1.7. Availability and elk use of percent slope in pastures and non-pasture areas on summer-fall 
(1 May-31 Oct) range, east central Idaho, 1985 and 1986 combined. 
Proportion No. No. Proportion Modified 
Total of total of elk of elk elk observed Preference 
Percent slope random available^ expected^ observed in each Index^ 
class points (Pa) (E) (O) class (MPI) Rank df 
Pastures 
<15 
15-30 
>30 
35 
48 
274 
0.098 
0.134 
0.768 
38 
52 
299 
63"; 
103*: 
223*̂  
0.162 
0.265 
0.573 
+0.7 
+1.0 
-0.3 
32.0 <0.05 
Total 357 (n^) 389 (n2) 
Non-pasture areas 
<15 
15-30 
>30 
44 
40 
314 
0.111 
0.101 
0.789 
20 
18 
140 
8": 
42̂  
128 
0.045 
0.236 
0.719 
-0.6 
+1.3 
- 0 . 1  
22.5 <0.05 
Total 398 (n^) 178 (n2) 
^E>qDected elk proportions if elk occurred in each percent slope class in exact proportion to availability. 
^Calculated as Pa x n2. 
^MPI = (O - E)/lE; observed use is greater than expected use (+); observed use is less than expected use (-). 
^Observed elk use is greater or less than expected by chance (P < 0.05). 
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Elk preferred areas ^409 m (0.25 mi) from a moist site in pastures, 
and areas 410-818 m (0.25-0.50 mi) from moist sites in non-pasture areas 
(Table 1.8). In general, elk use decreased with increasing distance 
from moist sites in pastures and non-pasture areas. Elk did not use 
areas >1,637 m (1.0 mi) from a moist site in either area. 
Elk preferred areas ^186 m (600 ft) from an ecotone in pastures and 
non-pasture areas (Table 1.9). Elk use diminished as distance to an 
ecotone increased, and elk essentially did not use areas ^652 m 
(2,103 ft) from an ecotone in pastures or >341 m (1,100 ft) in 
non-pastures. 
With few exceptions, at least 1 class of each habitat parameter was 
preferred or avoided at a statistically significant level (P < 0.05, 
Table 1.10). In pastures, elk significantly preferred riparian areas 
and meadows, elevation ^2,636 m (8,503 ft), upper slopes, 
northwest-facing slopes, and slope gradients <30%. Elk significantly 
avoided sagebrush-grass, elevations <2,636 m (8,503 ft), lower slopes 
and ridgetops, northeast aspects and flat areas, slope gradients >30%, 
and areas >652 m (2,103 ft) from an ecotone in pastures. 
In non-pasture areas, elk preferences for forested areas, >25% 
overstory canopy cover, elevations 2,636-2,945 m (8,503-9,500 ft), upper 
slopes, and 15-30% slope gradients were significant. Areas 410-818 m 
(0.25-0.50 mi) from a moist site, and areas 32-186 m (103-600 ft) from 
an ecotone were also significantly preferred by elk. Sagebrush-grass 
and rock-mahogany cover types, elevations 2,015-2,635 m (6,500-8,500 
ft), and lower slopes were significantly avoided by elk in non-pasture 
areas. Slope gradients <15%, areas ^1,637 m (1.0 mi) from a moist site. 
Table 1.8. Availability and elk use of areas with respect to distance from nearest moist site in 
pastures and non-pasture areas on summer-fall (1 May-31 Oct) range, east-central Idaho, 1985 and 
1986 combined. 
Proportion No. No. Proportion Modified 
Total of total of elk of elk elk observed Preference 
Distance random available^ expected^ observed in each Index^ 
class (m) points (Pa) (E) (O) class (MPI) Rank df 
Pastures 
£409 
410- 818 
819-1,636 
>1,637 
Total 
207 
103 
46 
1 
0.580 
0.289 
0.129 
0.003 
357 (n^) 
226 
112 
50 
1 
253 
85 
51 
0 
389 (112) 
0.650 
0.219 
0.131 
0.000 
+0.1 
-0.2 
0 . 0  
- 1 . 0  
1 
3 
2 
4 
6.2̂  >0.05 
Non-pasture areas 
<409 
410- 818 
819-1,636 
>1,637 
210 
116 
51 
21 
0.528 
0.292 
0.128 
0.053 
94 
52 
23 
9 
92. 
72C 
14 
0.517 
0.405 
0.079 
0.000 
0 . 0  
+0.4 
-0.4 
- 1 . 0  
2 
1 
3 
4 
16.9 <0.05 
Total 398 (n^) 178 (n2) 
^Expected elk proportions if elk occurred in each distance class in exact proportion to availability. 
^Calculated as Pa x n2* 
^MPI = (0 - E)/E; observed use is greater than expected use (+)j observed use is less than expected use (-). 
^Observed elk use is greater or less than expected by chance (P < 0.05). 
^Minimum expected frequency <1 for at least one cell in the Chi-square test. 
Table 1.9. Availability and elk use of areas with respect to distance from nearest ecotone in pastures 
and non-pasture areas on summer-fall (1 May-31 Oct) range, east-central Idaho, 1985 and 1986 combined. 
Proportion No. No. Proportion Modified 
Total of total of elk of elk elk observed Preference 
Distance random available^ expected^ observed in each Index^ 
class (m) points (Pa) (E) (0) class (MPI) Rank df P 
Pastures 
£31 82 0.230 89 94 0.242 +0.1 2 
32-186 140 0.392 152 181 0.465 +0.2 1 
187-341 61 0.171 67 64 0.165 0.0 3 19.9 5 <0.05 
342-496 34 0.095 37 27 0.069 -0.3 5 
497-651 23 0.064 25 22 0.057 -0.1 4 
^652 17 0.048 19 1^ 0.003 -1.0 6 
Total 357 (n 
1^ 389 (n2 
) 
Non-pasture areas 
£31 91 0.228 40 56 J 0.315 +0.4 1 
32-186 174 0.437 78 100^ 0.562 +0.3 2 
187-341 58 0.146 26 0.107 -0.3 3 36.1 5 <0.05 
342-496 17 0.043 8 1^ 0.006 -0.9 5 
497-651 27 0.068 12 2^ 0.011 -0.8 4 
2652 31 0.078 14 0^ 0.000 -1.0 6 
Total 398 (n l) 178 (n2 ) 
^Expected elk proportions if elk occurred in each distance class in exact proportion to availability. 
^Calculated as Pa x n2. 
^MPI = (O - E)/lSj observed use is greater than expected use (+); observed use is less than expected use (-). 
^Cfcserved elk use is greater or less than expected by chance (P < 0.05). 
rsj 
vo 
Table 1.10. Summary of significant (P < 0.05) elk preference and avoidance of habitat variables in 
pastures and non-pasture areas on summer-fall (1 May-31 Oct) range, east-central Idaho, 1985 and 1986 
combined. 
Habitat 
variable 
Pasture 
Preferred Avoided 
Non-pasture 
Preferred Avoided 
Cover type 
Overstory canopy 
cover (%) 
Elevation (m) 
Slope position 
Aspect 
Percent slope 
Distance to nearest 
moist site (m) 
Distance to nearest 
ecotone (m) 
Riparian-Meadow Sagebrush-Grass 
None 
^2,636 
Upper slopes 
NW 
^30 
None 
None 
None 
<2,636 
Lower slopes 
Ridgetops 
NE 
No aspect 
>30 
None 
2652 
Forested 
>25 
2,636-2,945 
Upper slopes 
None 
15-30 
410-818 
32-186 
Sag ebru sh-Gra s s 
Rock-Mahogany 
2,015-2,635 
Lower slopes 
No aspect 
<15 
>1,637 
>341 
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and areas ^341 m (1,100 ft) from an ecotone were also significantly 
avoided. 
Availability and elk use of habitat variables on winter-spring 
range are presented in Appendix A. 
DISCUSSION 
Habitat Selection 
General patterns of elk habitat selection in pastures and 
non-pasture areas on summer-fall range were similar. 
Elk preference for forest, meadow, and riparian areas in both 
pastures and non-pasture areas suggests that cattle did not 
significantly influence elk selection of cover type. Because elk were 
most often observed feeding in meadows and riparian areas and bedded in 
or near these areas from June through mid-August, these sites appear to 
be most important to elk prior to late summer or fall. These 
observations are similar to those made on the Herd Creek allotment by 
Wittinger (1978). He found the riparian cover type "preferred by both 
elk and cattle during spring, summer, and fall with heaviest elk use 
during summer and heavy cattle use during all seasons" (Wittinger 
1978:108). However, Yeo (1981) documented elk preference for mountain 
big sagebrush communities during spring and summer while cattle 
preferred riparian areas. Meadows within areas designated as 
sagebrush-grass communities by Yeo, might account for some of the elk in 
the sagebrush areas. Although meadows were preferred to a lesser extent 
in non-pasture areas, these meadows also appeared to be important 
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foraging areas during early and mid'-summer. 
Reduced forage availability in pastures by mid-^August may have 
contributed to elk movement to non-pasture areas, but results of this 
study do not provide adequate data to support this suggestion. Cattle 
and some elk remained on some pastures until 31 October. 
Forests were most preferred in non-pastures, probably because more 
forested area occurred on the non-pasture area southwest of the 
pastures. Elk use of non-pasture areas increased during late summer and 
fall (Kratville 1989:52)—a time when elk often use heavily timbered 
areas (Knight 1970, Coop 1971, Simmons 1974, Lemke 1975, Smith 1978). 
This shift of elk use may be related to desiccation of vegetation at 
higher and more open areas (Knight 1970), security cover (Joslin 1976), 
or rut-associated activities (Altmann 1952). Forested areas, though 
preferred to a lesser extent in pastures, provided important hiding and 
thermal cover that was relatively unavailable in other cover types on 
summer-fall range. 
Use of middle and upper elevations by elk on summer range is common 
(Marcum 1975, Skolvin 1982, Edge et al. 1987). During this study, 
selection of elevations ranging from 2,636 to 2,945 m (8,503-9,500 ft) 
occurred throughout the summer-fall range. Significant preference for 
elevations >2,945 m (9,500 ft) by elk in pastures may suggest elk 
avoidance of cattle at lower elevations. Yeo (1981) reported that elk 
used significantly higher elevations when cattle were within a pasture. 
On summer range, heavy use of upper slopes by elk is not uncommon 
(Julander and Jeffrey 1964, Marcum 1975). Skolvin (1982) suggests that 
preference for "upper landscape positions" during summer may be related 
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to cooling winds, visibility, and/or cover type. Elk preference for 
upper slopes in pastures and non-pastures, during this study, indicated 
that cattle did not influence elk use of these slopes in pastures. 
Significant preference by elk for northwestern slopes in pastures 
may indicate preference for cool, moist sites and succulent vegetation. 
On the Herd Creek allotment, Wittinger (1978) obtained similar results 
with substantial use of northwestern through eastern slopes by elk and 
cattle. Yeo (1981) found elk and cattle using northeastern aspects 
during spring, summer, and fall on the same allotment; however, elk 
significantly avoided northeastern slopes during this study. If cattle 
use increased on northeastern slopes during this study, elk responses 
might have been to use these slopes less, but data were not collected 
that would support this contention. 
Edge et al. (1987) found that percent slope was one of the most 
important habitat variables (of 17 considered) in determining elk 
habitat selection. Based on results of several elk habitat selection 
studies, Skolvin (1982) stated that the most frequently used slopes seem 
to be 15-30%, and slopes of >40-50% received relatively little use. In 
this study, elk preferred slopes of 15-30% in pastures and non-pasture 
areas, indicating cattle probably did not affect elk preference for 
these slopes in pastures. Studies in areas where cattle were present, 
however, indicated increased use of steeper slopes by elk (Julander and 
Jeffrey 1964, Nelson and Burnell 1975, Yeo 1981). Slopes >30% were the 
most available slopes on summer-fall range. Because elk heavily used 
these steep slopes in non-pasture areas and pastures, elk use of steeper 
slopes cannot be attributed to cattle. Because cattle were often 
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observed using gentle slopes, especially in early summer when elk most 
used the pastures, elk preference for slopes <15% in pastures further 
suggests that cattle did not significantly influence elk distribution 
based on this habitat parameter. 
Investigations of areas used by elk in relation to their proximity 
to water present a variety of results. Elk use was greatest in areas 
<325 m from water (Marcum 1975), <818 m from water during a "dry" year 
(Nelson and Burnell 1975), and <1,228 m from water (Mackie 1970). 
Several studies have shown that elk use water in proportion to 
availability when water is abundant (Julander and Jeffrey 1964, Lemke 
1964, Nelson and Burnell 1975, Scott 1978). As suggested by Lehmkuhl 
(1981), availability of water and the associated succulent forage 
apparently will determine the importance of those sites for elk in a 
particular area. 
Water did not influence elk distribution in pastures because use 
was in proportion to availability. In general, elk occurrence in 
pastures decreased with increasing distance from water, and cattle use 
near water sources did not appear to affect elk use. However, 
significant preference for areas 410-818 m (0.25-0.50 mi) from water 
and significant avoidance of areas >1,637 m (1.0 mi) in non-pasture 
areas, suggest elk distribution in non-pastures was affected by water. 
Decrease in elk use with increased distance from an ecotone 
(interface between forested and non-forested areas) is commonly found in 
elk habitat selection studies (Skolvin 1982). Marcum (1975) found >50% 
of cow elk use was <31 m of an ecotone, with use diminishing as distance 
increased. However, he also found that preference for areas near 
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ecotones was not consistent between years, with avoidance of ecotones 
indicated 1 year and preference indicated another. 
Increased elk use closer to ecotones was observed in pastures and 
non-pasture areas and was consistent with previous studies. The broader 
definition of ecotone used in this study (any combination of interface 
between the 4 cover types: sagebrush-grass, riparian-meadow areas, 
rock-mahogany types, and forested areas) did not appear to affect 
results. Preference and avoidance patterns were also similar between 
areas. However, significant avoidance of ecotones in pastures was at 
almost twice the distance as in non-pastures. The significant avoidance 
of ecotones >652 m (2,103 ft) in pastures, as compared to >341 m (1,100 
ft) in non-pasture areas, may correspond to cattle use of areas near 
ecotones and displacement of elk to areas farther from ecotones. 
However, lack of quantitative data on habitat use by cattle precludes 
further evaluation. 
Sampling Bias 
Habitat availability affects interpretation of habitat selection 
according to Johnson (1980) and Porter and Church (1987). In this 
study, habitat "available" to elk was based on 96% (n = 720) of the 
radio-marked elk locations obtained. Because 4% of the locations were 
not considered, some bias may have been introduced. 
A portion of the non-pasture area on summer-fall range (managed by 
BLM) received cattle use during the study. Elk use was minimal in this 
area (less than 2% [n = 11] of summer-fall elk radio-locations), but 
habitat selection at these locations could have been affected by cattle. 
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Also, habitat considered available to elk may have been less than what 
was defined in the non-pasture area if elk were avoiding this area due 
to cattle use and/or associated human activities. 
Accuracy of radio-locations may also have biased results. Although 
accuracy of LORAN-C was not determined in this study, 75 locations 
plotted on aerial photos were compared to the same 75 locations 
independently obtained by the LORAN-C Navigation System. The average 
difference between points using the 2 methods was 475 m. This 
discrepancy may have resulted from a combination of several factors, 
including plotting accuracy on aerial photos; effects of weather 
conditions (especially wind), flying altitude, and steep terrain on the 
LORAN-C Navigation System; transfer of locations made by either method 
to topographical maps; and measurements made between points. In recent 
wildlife-related studies, accuracy of LORAN-C in determining ground 
locations ranged from 29.5 to 186.3 m (Patric et al. 1988) and was 
estimated at <200 m (Boer et al. 1989). 
Management Implications 
Cattle grazing on the Herd Creek and Wildhorse allotments did not 
have a significant effect on elk habitat selection based on habitat 
parameters measured in this study. 
Meadows, especially at high elevations (>2,635 m or 8,500 ft), are 
grazed extensively by both cattle and elk, and maintenance or 
enhancement of these areas is critical. Proper implementation of the 
rest-rotation grazing systems on these 2 allotments will minimize 
competition for use of these areas. If elk or cattle numbers increase. 
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grazing pressure will likely increase in the meadows and may result in a 
change in elk habitat selection or distribution during early and 
mid-summer. Future monitoring of habitat use by elk and cattle would be 
most effective in the Twin Bridges pasture of the Wildhorse allotment 
and the Lake Basin pasture of the Herd Creek allotment because these 
were the pastures most preferred by elk (Kratville 1989:52). 
Planning future land-use activities (such as logging) in 
non-pasture areas southwest of these pastures should consider the 
importance of forested areas to elk, especially during late summer and 
fall. 
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CHAPTER II 
ELK DISTRIBUTION AS INFLUENCED BY CATTLE IN EAST-CENTRAL IDAHO 
ABSTRACT 
Greatest use on the Wildhorse and Herd Creek cattle allotments was 
concurrent with summer and fall cattle grazing. During the summer-fall 
season, elk distribution among 5 pastures was similar during both years, 
regardless of cattle distribution. When both pastures of the Herd Creek 
allotment were grazed by cattle, elk consistently used one pasture more 
than the other regardless of cattle distribution. However, the rested 
pasture on this allotment received increased elk use compared to the 
year it was grazed by cattle. Comparison of the 2 pastures most used by 
elk (1 from each allotment) indicates that elk preferred whichever 
pasture was ungrazed by cattle early in the season. Coordination in 
management of the 2 adjacent allotments would minimize the potential for 
elk-cattle competition on the 2 pastures most used by elk. Results were 
based on analysis of 720 radio-marked elk locations obtained between 
January 1985 and December 1986 during 41 aerial surveys. 
INTRODUCTION 
If increasing competition between elk and cattle occurs on the same 
range, the logical sequence of elk response is hypothesized to be: 
(1) movement, (2) change in use of specific habitat types or range site, 
and (3) change in food habitats (Mackie 1985). 
Elk avoidance of cattle, or of areas used previously by cattle, has 
been well documented (Jeffrey 1963, Stevens 1966, Mackie 1970, Knowles 
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1975, Burbridge and Neff 1975, Nelson and Burnell 1975, Skolvin et al. 
1976, Knowles and Campbell 1982, Lonner and Mackie 1983, Wallace 1984). 
However, other studies indicate that cattle either have little effect 
upon elk distribution or movements (Ward et al. 1973, Hudson et al. 
1976, Ward and Cupal 1979, Long and Irwin 1982), or that cattle grazing 
may be beneficial to elk by improving the quality of forage (Anderson 
and Scherzinger 1975, Grover and Thompson 1986). 
These varied results may be attributed, in part, to differences in 
the ranges on which the studies were conducted. Lonner and Mackie 
(1983) and Mackie (1985) emphasized that no 2 ranges are exactly alike 
and generalizations cannot be made regarding interrelationships. 
Instead, big game and livestock relations should be evaluated 
independently on each range considering local environmental and land-use 
factors. 
The objective of this study was to assess the influence of cattle 
on elk distribution in east-central Idaho. The null hypotheses tested 
were (1) elk distribution on each allotment was similar among years 
before, during, and after cattle grazing; (2) elk use of pastures was 
equal to what was expected based on pasture size; and (3) elk 
distribution between pastures was not affected by cattle distribution. 
STUDY AREA 
The study area consisted of 78,267 ha in the mountainous region of 
east-central Idaho, 45 km southeast of Challis (Fig. 2.1). Topography 
varies from wide, flat valleys near elevations of 2,000 m, to steep, 
rugged mountains with elevations >3,400 m. 
CHALLIS 
SHeeo C/k, 
OICKEYY 
PK,^ 
WILLOW •-
CK. SUMMIT 
AANDERSON 
MACKAY 
RYAN ^ 
Fig. 2.1 Study area, east-central Idaho, 1985 and 1986. 
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Fifty-eight percent of the study area supports sagebrush-grass 
communities, with big sagebrush (Artemisia tridentata) representing a 
major portion of this type. Forested areas cover 26% of the study area; 
Douglas-fir (Pseudotsuga menziesii) and subalpine fir (Abies lasiocarpa) 
series are predominant. Mountain-mahogany (Cercocarpus ledifolius) 
communities, riparian areas, meadows, rock outcrops, and scree slopes 
are scattered throughout the study area. 
Several pastures of 2 large grazing allotments on National Forest 
land are within the study area (Fig. 2.2). The Wildhorse allotment 
operates under a 6-pasture rest-rotation grazing system with 2 pastures 
usually scheduled for rest on an annual basis. Cattle are scheduled to 
enter the allotment on 1 June and graze until 30 September. Cattle are 
rotated between pastures on a flexible schedule that varies between 
years. Stocking level permitted is 1,800 cow-calf pairs (3,600 cattle). 
Hov/ever, during 1986, 1,100 cow-calf pairs were grazed. The study area 
encompasses the Pinto Creek pasture (Pasture 1), which contains 
4,210 ha; the Twin Bridges pasture (Pasture 2), which contains 3,989 ha; 
and half the North Fork pasture. The portion of North Fork pasture 
within the study area contains 4,718 ha and is referred to as Pasture 3 
(North Fork). 
The Herd Creek allotment operates under a 3-pasture rest-rotation 
grazing system. Each year, cattle are scheduled to enter the allotment 
on 16 June and graze until 31 October. During this study, cattle did 
not enter pastures within the study area until 21 June. Cattle were 
rotated between 2 pastures on an early (21 Jun-26 Aug) and late 
(27 Aug-31 Oct) schedule while 1 of 3 pastures was rested. Stocking 
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ALLOTMENTS 
HERD CREEK 
WILDHORSE 
Winter-Spring 
Range 
Summer -Fad v 
Range A 
KM 
Fig 2.2. Winter-spring (1 Nov-30 Apr) and summer-fail (1 May-31 Oct) 
range and pastures, Herd Creek and Wiidhorse allotments, east-central 
Idaho, 1985 and 1986. (Pasture; 1-Pinto Creek, 2-Twin Bridges, 3-North 
Fork, 4-Herd Creek, 5-Lake Basin.) 
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level permitted is 666 cow-calf pairs. During 1985, the stocking level 
was 582 cow-calf pairs; during 1986, 575 cow-calf pairs. Two of 3 
pastures are within study area boundaries: Herd Creek pasture (Pasture 
4), which contains about 6,221 ha; and the Lake Basin pasture (Pasture 
5), which contains about 7,000 ha. Wittinger (1978) provided a detailed 
description of this allotment. 
Pasture boundaries of cattle allotments are defined by fencelines 
or topographical features such as steep, rocky ridgelines. Forested or 
timbered areas comprise 21% of the combined pastures and are restricted 
to northerly aspects. A more detailed description of the study area is 
provided by Kratville (1989:7). 
METHODS 
During the winters of 1983-84 and 1984-85, 24 cow elk were fitted 
with radio collars (Telonics, Inc., Mesa, Ariz.) by personnel of the 
Idaho Department of Fish and Game and cooperating agencies. Elk were 
captured along Sheep Creek (northwest of Willow Creek Summit) using 
collapsible Clover traps baited with alfalfa. Trapping was conducted 
from late November through mid-January. 
Aerial telemetry surveys were conducted during 1985 and 1986. 
Flights were conducted at least once a month (except Mar and Nov 1985, 
and Jan-Apr 1986, when no flights were made). During 1985, flights were 
scheduled biweekly (every 2 weeks) during April, June, and October and 
weekly from July through September. During 1986, biweekly flights were 
scheduled during June, September, and November and weekly during July, 
August, and October. Inclement weather and schedule conflicts with the 
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pilot required rescheduling some flights. 
All aerial surveys (except Jan 1985) were conducted from a Maule 5 
fixed-wing aircraft specially modified for wildlife research. A 
Telonics H-^antenna was attached to each wing strut, and a 6-element Yagi 
antenna was attached to 1 of 2 struts. Radio-frequency signals were 
received through a Telonics receiver and scanner. Locations of 
radio-collared elk were obtained using a long-range navigation system 
(LORAN-C). By positioning the airplane directly over the radio-collared 
elk and calculating bearings, latitude and longitude coordinates were 
provided for the area directly below the plane. Visual elk locations 
were plotted on aerial photographs when possible. 
Study area boundaries and seasonal ranges were based on elk 
radio-locations, topography, and snow melt. Elk were on winter-spring 
range from November through April and on summer-fall range from May 
through October. 
All radio-locations were recorded in latitude and longitude 
coordinates (degrees, minutes, hundredths of minutes) by LORAN-C. Each 
location was plotted on a mylar overlay using the appropriate 
1:24000-scale topographic map as a base map. Universal Transverse 
Mercator (UTM) coordinates were determined for each location for use in 
data analysis. Conversion from latitude and longitude to UTM was done 
through a computer program for 1985 locations, and read directly from 
the topographic maps for 1986 locations. 
The Chi-square goodness-of-fit test (Neu et al. 1974, Byers et al. 
1984) was used to evaluate the null hypotheses that: (1) elk 
distribution on each allotment was similar between years (before. 
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during, and after cattle grazing); (2) elk use of pastures was equal to 
what was expected based on pasture size; and (3) elk distribution 
between pastures was not affected by cattle distribution, Bonferroni Z 
confidence intervals were applied when the null hypothesis was rejected 
to determine where differences from expected occurred. 
Habitat preference indices have been used to express relative 
preference and avoidance in greater prairie chicken and beaver studies 
(Robel et al. 1971, Easter-Pilcher 1987). To facilitate comparisons 
between pastures and non-pasture areas, I calculated a modified 
preference index (MPI) for elk in pastures and non-pasture areas using 
the following equation: 
MPI = (utilization - availability) / availability. 
MPI values >0 indicate preference; MPI values <0 indicate avoidance. 
In the following results and discussion, "selection for" or 
"preference" indicates elk use of habitat was more than expected based 
on availability, and "selected against" or "avoidance" indicates elk use 
was less than availability. "Significant" indicates statistically 
significant differences between use and availability (P < 0.05). 
RESULTS 
A total of 41 aerial surveys resulted in 746 radio-marked elk 
locations during 1985 and 1986 (Table 2.1). During 1985, 467 locations 
were obtained from 22 flights, and during 1986, 279 locations were 
obtained from 19 flights. Fewer radio-marked elk locations were made 
during progressive flights because, over the 2-year period, 8 elk were 
killed by hunters (5 verified, 3 unverified), 1 elk was killed after 
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Table 2.1. Number of radio-marked elk located during each aerial survey 
flight, east-central Idaho, 1985 and 1986. 
1985 1986 
No. of No. of 
No. of radio- No. of radio-
Date of radio- marked elk Date of radio- marked elk 
flight marked elk located flight marked elk located 
Jan 30 
Feb 26 
Apr 8 
25 
May 8 
Jun 3 
17 
Jul 1 
8 
15 
22 
29 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
23 
23 
9 
22 
23 
23 
23 
23 
23 
22 
2 1  
May 29 
Jun 
Jul 
2 
24 
2 
22 
28 
19 
19 
19 
19 
19 
19 
16 
16 
16 
15 
15 
16 
Aug 6 
16 
20 
26 
24 
24 
24 
24 
2 1  
2 1  
2 1  
2 1  
Aug 5 
1 1  
25 
19 
19 
19 
15 
17 
16 
Sep 5 
16 
30 
24 
24 
24 
17 
22 
23 
Sep 9 
22 
19 
19 
16 
16 
Oct 14 
24 
23 
22 
22 
2 1  
Oct 3 
8 
13 
20 
29 
18 
16 
16 
16 
14 
14 
14 
14 
14 
13 
Nov 14 
20 
13 
13 
1 2  
1 2  
Dec 22 2 1  19 Dec 16 13 12 
Total 522 467 328 279 
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hunting season closed in 1985, and 2 radio transmitters failed and/or 
the animals moved to areas out of receiving range. 
Twenty-six radio-locations were eliminated from analysis (10 from 
1985, and 16 from 1986) because they were considered outliers (i.e., 
they extended beyond major topographical features that encompassed 96% 
of all locations made). Therefore, 720 radio-marked elk locations were 
used in data analysis. Seventy-nine percent (n = 567) of these radio 
locations were obtained on summer-fall range from 33 aerial surveys. 
Most radio locations (86%, n = 620) were obtained between 0700 and 1500 
hours. 
Elk distribution before, during, and after cattle grazing on the 
Wildhorse allotment (pastures 1, 2, and 3) was significantly different 
between 1985 and 1986 (X^ = 15.0, df = 2, P < 0.001, Table 2.2). Most 
of this difference can be attributed to elk use on the Wildhorse 
allotment after the cattle grazing season (P < 0.05); during 1985, elk 
use was less than expected by chance, but during 1986, elk use was 
greater than expected by chance. Elk use of this allotment was greatest 
during the cattle grazing season (1 Jun-30 Sep) both years. 
Elk distribution before and during the cattle grazing season on the 
Herd Creek allotment (pastures 4 and 5) was not significantly different 
between 1985 and 1986 (X^ = 2.1, df = 1, P > 0.001, Table 2.2). Elk 
used this allotment infrequently after the cattle grazing season both 
years, which resulted in sample sizes too small to be included in the 
above Chi-square test. Most elk use on this allotment was concurrent 
with the cattle grazing season (21 Jun-31 Oct). 
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Table 2.2. Elk distribution before, during, and after cattle grazing 
seasons on the Wildhorse and Herd Creek allotments, east-central Idaho, 
1985 and 1986. 
Wildhorse^ Herd Creek^ 
Cattle grazing 
season 1985 1986 1985 1986 
Before 16 4 31 21 
During 95 34 79 85 
After 6 13 0 5 
Total 117 51 110 111 
^Pastures 1, 2, and 3: Before = 1 Jan-31 May; During = 1 Jun-30 Sep; 
After = 1 Oct-31 Dec. 
^Pastures 4 and 5: Before = 1 Jan-20 Jun; During =21 Jun-31 Oct; 
After = 1 Nov-31 Dec. 
Cattle use of pastures 1, 2, and 3 did not follow the rotation 
schedule as proposed by the annual plan of use (U.S. Forest Service 
yearly allotment update) for the Wildhorse allotment. During both 
years, "on" and "off" dates extended over a period of several days, and 
unknown numbers of cattle were moved from 1 pasture to another on an 
unscheduled basis, while unknown numbers were left grazing in previous 
pastures. Cattle were also allowed to graze in pastures scheduled for 
rest. During late summer and fall of 1986, all 3 pastures were being 
grazed by cattle simultaneously. 
Cattle grazing on the Herd Creek allotment followed the schedule 
outlined in the annual plan of use during both years. During 1985, 
cattle on the Herd Creek allotment used Pasture 5 during the early 
grazing period and Pasture 4 during the late grazing period. During 
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1986, Pasture 5 was used by cattle during the last grazing period and 
Pasture 4 was rested all year. 
Elk distribution among pastures and in non-pasture areas on 
summer-fall range reflected the same general pattern for 1985 and 1986 
(Table 2.3). During both years, pastures 3, and 4 and non-pasture 
areas were avoided and pastures 2 and 5 were preferred. 
However, use of individual pastures was significantly different 
2 than expected, based on availability in 1985 (X = 95.5, df = 5, 
P < 0.001) and in 1986 (X^ = 57.2, df = 5, P < 0.001). 
On the Wildhorse allotment. Pasture 1 was avoided (P > 0.05) both 
years? Pasture 2 was preferred by elk in 1985 (P < 0.05) and preferred, 
but to a lesser extent, in 1986; and Pasture 3 was avoided (P < 0.05) 
both years (Fig. 2.3). On the Herd Creek allotment. Pasture 4 was 
avoided by elk in 1985 (P < 0.05) and in 1986 (P > 0.05), and Pasture 5 
was preferred (P < 0.05) both years (Fig. 2.3). 
Comparison of percent radio-marked elk locations, by month 
(May-Oct), showed that patterns of elk use in pastures and non-pasture 
areas were similar in 1985 and 1986 (Table 2.4). Elk most used Pasture 
1 during May, June, September, and October. Elk occurred in Pasture 2 
from May through October both years; however, elk use diminished 
significantly during September and October of 1986. Pasture 3 was most 
used by elk during May and June. Heaviest elk use in Pasture 4 occurred 
August-October with notable use during October 1986. Most elk use in 
Pasture 5 occurred during June, July, and October during 1985, and 
May-September during 1986. Elk use steadily increased in non-pasture 
areas from May through October. 
Table 2.3. Elk distribution in pastures and non-pasture areas on summer-fall (1 May-31 Oct) range, 
east-central Idaho, 1985 and 1986. 
Location 
Total 
acreage 
(ha) 
Proportion 
of total 
acreage^ 
(Pa) 
No. 
of elk 
expected 
(E) 
No. 
of elk 
observed 
( 0 )  
Proportion 
elk observed 
in each 
class 
Modified 
Preference 
Index^ 
(MPI) 
1985 
Wildhorse allotment 
Pasture 1 
2 
3 
Herd Creek allotment 
Pasture 4 
5 
Non-pasture 
Total 
1986 
Wildhorse allotment 
Pasture 1 
2 
3 
Herd Creek allotment 
Pasture 4 
5 
Non-pasture 
Total 
4,210 
3,989 
4,718 
6 , 2 2 1  
7,000 
28,130 
54,268 (n-,) 
4,210 
3,989 
4,718 
6 , 2 2 1  
7,000 
28,130 
54,268 (n-,) 
0.078 
0.074 
0.087 
0. 115 
0. 129 
0.518 
0.078 
0.074 
0.087 
0. 115 
0. 129 
0.518 
26 
25 
29 
38 
43 
174 
17 
16 
19 
26 
29 
115 
1 1  
94^ 
11^ 
17' 
93C 
109 
335 (n2) 
12 
29 
17. 
89^ 
71^ 
222 
0.033 
0 . 2 8 1  
0.033 
0.051 
0.277 
0.325 
0.054 
0. 131 
0 .018  
0.077 
0.400 
0.320 
-0.58 
+2.76 
-0.62 
-0.55 
+ 1 .16  
-0.37 
-0.29 
+  0 .81  
-0.79 
-0.35 
+2.07 
-0. 38 
(il2) 
^Expected elk proportions if elk occurred in each location in exact proportion to availability. 
'^Calculated as Pa x n2-
"MPI = (O - E)/E; observed use is greater than expected use (+); observed use is less than expected use (-•). 
^Observed elk use is greater or less than expected by chance (P < 0.05). 
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• 1985 (N«330) 
• 1986 (N-220) 
• P<0.05 
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Fig. 2.3. Elk preference and avoidance of pastures (P) and non-p)asture 
areas (MP) on summer-fall (1 May-31 Oct) range, east-central Idaho, 1985 
and 1986. 
Table 2.4. Monthly distribution of radio-marked elk on summer-fall (1 May-31 Oct) range, east-central 
Idaho, 1985 and 1986. 
Pasture 
Non-pasture 
1 2 3 4 5 area Total 
Month n%^ R ^ R ^ R ^ R 
1985 
May 3 14.3 7 33.3 5 23.8 0 3 14.3 3 14.3 21 
Jun 1 2.3 5 11.6 1 2.3 1 2.3 27 62.8 8 18.6 43 
Jul 0 28 25.7 3 2.8 5 4.6 48 44.0 25 22.9 109 
Aug 0 33 41.2 1 1.3 6 7.5 5 6.2 35 43.8 80 
Sep 6 10.7 16 28.6 1 1.8 4 7.1 4 7. 1 25 44.6 56 
Oct 1 3.9 5 19.2 0 1 3.9 6 23. 1 13 50.0 26 
Total 11 3.3 94 28.1 11 3.3 17 5.1 93 27.8 109 32.5 335 
1986 
May 0 2 12.5 2 12.5 0 10 62.5 2 12.5 16 
Jun 2 6.3 2 6.3 2 6.3 0 20 62.5 6 18.7 32 
Jul 0 10 21.7 0 1 2.2 23 50.0 12 26. 1 46 
Aug 0 11 23.9 0 3 6.5 17 37.0 15 32.6 46 
Sep 6 20.0 1 3.3 0 1 3.3 15 50.0 7 23.3 30 
Oct 4 7.7 3 5.8 0 12 23. 1 4 7.7 29 55.8 52 
Total 12 5.4 29 13.0 4 1.8 17 7.7 89 40. 1 71 32.0 222 
of radio-marked elk located during that month. 
cn 
ui 
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Pastures 4 and 5 received about 33% of all summer-fall elk use in 
1985 and 48% in 1986. Elk distribution between these 2 pastures was 
evaluated with respect to the early (21 Jun-26 Aug) and late 
(27 Aug-31 Oct) rotation of the Herd Creek allotment (Table 2.5). The 
pattern of early and late elk distribution in pastures 4 and 5, during 
the 2 years, was significantly different from expected (X = 23.1, 
df = 3, P < 0.001). In 1986, Pasture 4 was used less than expected 
(P < 0,0 5) during the early grazing period and more than expected 
(P < 0.05) during the late grazing period. 
Table 2.5. Observed and expected elk distribution in pastures 4 and 5 
(Herd Creek allotment) during cattle grazing season, east-central Idaho, 
1985 and 1986. 
Cattle grazing period^ 
Early Late 
lear 
Pasture Observed Expected Observed Expected Total 
1985 
4 11 11 5 5 16 
5 53 45 10 18 63 
Total 64 56 15 23 79 
1986 
4 4^ 12 13^ 5 17 
5 49 49 19 19 68 
Total 53 61 32 24 85 
^Early = 21 Jun-26 Aug; Late = 27 Aug-31 Oct. 
^Observed elk use less/more than expected by chance (P < 0.05). 
Comparing elk use with respect to the early and late grazing period 
in these 2 pastures for both years, shows that elk use was greatest 
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during the early grazing season in Pasture 4 (1985) and in Pasture 5 
during both years (Fig. 2.4). The only 2 pastures that underwent the 
same early and late cattle grazing sequence during this study were 
pastures 4 (1985) and 5 (1986); the early/late pattern of elk use in 
these 2 pastures was almost identical (Fig. 2.4). 
Pasture 5 was used relatively more than Pasture 4 during the early 
and late grazing seasons both years, and Pasture 5 was heavily used by 
elk during the early grazing period whether cattle were present or not 
(Fig. 2.5). 
Pastures 2 ,  and 3 received 35% of all summer-fall use by 
radio-marked elk in 1985 and 20% in 1986. Elk distribution was not 
evaluated according to the cattle grazing rotation system on this 
allotment because cattle were not grazed according to the annual plan of 
use (established for 1985 and 1986), and stocking levels changed from 1 
pasture to another on an unscheduled basis. Only general cattle 
distribution among these 3 pastures was obtained during radio-tracking 
flights. 
Because elk preferred pastures 2 (Wildhorse allotment) and 5 (Herd 
Creek allotment) and because these 2 pastures share a common boundary, 
comparison was made between elk use of these 2 pastures based on the 
cattle grazing schedule of the Herd Creek allotment (early cattle 
grazing, 21 Jun-26 Aug; late cattle grazing, 27 Aug-31 Oct). When elk 
use during the early period was compared to elk use during the late 
period, for each pasture during 1985 and 1986, no significant difference 
in elk use occurred (X^ = 3.8, df = 3, P > 0.05, Table 2.6). Elk use in 
pastures 2 and 5 was greater during the early grazing period, compared 
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Fig. 2.4. Percent elk use in pastures 4 and 5 relative to early 
(21 Jun-26 Aug) and late (27 Aug-31 Oct) cattle grazing periods, 
east-central Idaho, 1985 and 1986. (C = cattle on pasture all of that 
time period; r = pasture rested from cattle grazing that time period; 
R = pasture rested from cattle grazing the entire year.) 
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Fig. 2.5. Percent elk use during early (21 Jun-26 Aug) and late 
(27 Aug-31 Oct) cattle grazing periods relative to pastures 4 and 5, 
east-central Idaho, 1985 and 1986. (C = cattle on pasture all of that 
time period? r = pasture rested from cattle grazing that time period; 
R = pasture rested from cattle grazing the entire year.) 
Table 2.6. Elk distribution in pastures 2 and 5 during early (21 Jun-26 Aug) and late (27 Aug-31 Oct) 
cattle grazing periods. Herd Creek allotment, east-central Idaho, 1985 and 1986. 
Proportion No. No. Proportion Modified 
Total of total of elk of elk elk observed Preference Cattle 
Period acreage acreage^ ejqDected^ observed in each Index^ use of J 
Location (ha) (Pa) (E) (0) class (MPI) pasture 
1985 
Early 
Pasture 2 3,989 0.363 41 61^ 0.535 +0.49 A 
5 7,000 0.637 73 53^ 0.465 -0.27 P 
Total 10,989 (Hi ) 114 (n2) 
Late 
Pasture 2 3,989 0.363 11 2ie 0.677 +0.91 P 
5 7,000 0.637 20 10® 0.323 -0.50 A 
Total 10,989 (B1 ) 31 (212 > 
1986 
Early 
Pasture 2 3,989 0.363 25 21 0.300 -0.16 P 
5 7,000 0.637 45 49 0.700 +0.09 A 
Total 10,989 (n^ ) 70 (112) 
Late 
Pasture 2 3,989 0.363 8 4 0.174 -0.50 P 
5 7,000 0.637 15 19 0.826 +0.27 P 
Total 10,989 (Bl ) 23 (112) 
^Expected elk proportions if elk occurred in each pasture in exact proportion to availability. 
^Calculated as Pa x n2* 
^MPI = (O - E)/E? observed use is greater than expected use (+); observed use is less than expected use (-). 
^A = cattle absent all or most of that period; P = cattle present all or most of that period. 
^Observed elk use is greater or less than expected by chance (P < 0.05). 
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to the late period, for both years (Fig. 2.6). 
Because Pasture 2 is just over half the size of Pasture 5, a 
modified preference index (Table 2.6) was used to further compare elk 
use in the 2 pastures. When cattle were present on Pasture 5 early in 
1985, elk significantly preferred Pasture 2 and significantly avoided 
Pasture 5 (X^ = 7.1, df = 1, P < 0.05, Fig. 2.7). Significant 
2 preference for Pasture 2 and avoidance of Pasture 5 (X = 6.5, df = 1, 
P < 0.05) occurred also during the late season that year, even though 
cattle were no longer present in Pasture 5 and cattle were present from 
16 August until 30 September in Pasture 2. 
During 1986, a similar pattern of elk use occurred, though it was 
not statistically significant. During the early season, elk preferred 
Pasture 5 (no cattle) to Pasture 2 (cattle from 12 Jun-30 Sep). Elk 
continued to prefer Pasture 5 during the late season when cattle were 
present, and avoided Pasture 2, which was grazed by cattle during the 
early and late grazing periods. 
DISCUSSION 
Elk Distribution 
Some use by cow elk occurs on the Herd Creek and Wildhorse 
allotments before and after the cattle grazing season. However, use by 
elk during these periods is relatively low because the elk are usually 
on winter-spring range from, November through April. During 1986, 
significant elk use occurred on the Wildhorse allotment after cattle 
grazing, primarily in Pasture 2. Elk generally used high ridgetops 
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Fig. 2.6. Percent elk use in pastures 2 and 5 relative to early 
(21 Jun-26 Aug) and late (27 Aug-31 Oct) cattle grazing periods, 
east-central Idaho, 1985 and 1986. (C = cattle on pasture all or most 
of time period? r = pasture rested from cattle grazing that time period? 
R = pasture rested from cattle grazing the entire year.) 
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Fig. 2.7. Elk preference and avoidance of pastures 2 and 5 during 
early (21 Jun-26 Aug) and late (27 Aug-31 Oct) cattle grazing periods, 
east-central Idaho, 1985 and 1986. 
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accessible from steep side-slopes that were previously ungrazed by 
cattle. Late use by elk in this area was probably attributable to the 
mild weather and low snow accumulation during the 1986 winter. 
None of the radio-collared elk remained on summer-fall range during 
either winter of this study. However, Yeo (1981) documented some winter 
elk use on the Herd Creek allotment during the 1978 and 1979 winters. 
Elk wintering in this area were primarily bulls, but he also observed 
infrequent use by 11-14 elk cows and calves in Pasture 4. 
Regardless of cattle distribution, elk preference for pastures 2 
and 5, and avoidance of pastures 1, 3, and 4, indicate cattle did not 
cause major changes in elk use of, or movements between, pastures. 
Preference for pastures 2 and 5 and avoidance of the non-pasture area 
also indicate that presence of cattle did not cause elk to move from 
pastures to accessible surrounding areas. 
However, the increase in elk use of Pasture 4, when rested the 
entire year during 1986, and the shift in preference between the most 
used pastures (2 and 5) to whichever pasture did not have cattle grazing 
early in the season, indicate cattle did influence elk distribution to 
some extent. In pastures, habitat selection data indicate elk preferred 
meadows and riparian areas that were also heavily used by cattle 
(Kratville 1989:18). Based on the combination of elk habitat use and 
distribution results, I suggest that elk preferred Pasture 2 more than 
Pasture 5 during the early grazing season (1985) because cattle were not 
present in the meadow areas during the time when this habitat was most 
used by elk. Similarly, elk preferred Pasture 5 more than Pasture 2 
during the early grazing period (1986) because of the absence of cattle. 
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These findings concur with earlier studies on the Herd Creek 
allotment. Wittinger (1978) found that elk seemed to select against 
areas that had been previously used by cattle, that elk tended not to 
use areas concurrently with cattle, and that elk made greater use of the 
rested pasture on the Herd Creek allotment. Yeo (1981) found that elk 
responded to "human herding disturbance" (horseback riders moving 
cattle), and apparently to forage depletion by cattle on preferred mesic 
habitats, by leaving the general vicinity. 
Results of this study are also similar to investigations, in other 
western states, that show that elk tend to avoid areas occupied by 
cattle and/or areas previously grazed by cattle (Stevens 1966, Mackie 
1970, Nelson and Burnell 1975, Skolvin et al. 1976, Knowles and Campbell 
1982, Lonner and Mackie 1983, Wallace 1984, Wallace and Krausman 1987). 
Forage competition has long been thought to be the prevailing 
interaction between elk and cattle on the same range (Morris 1956). 
Studies focusing on forage competition between big game and livestock 
have shown that elk and cattle have the greatest dietary overlap of 
forage (Cooperrider 1982, Nelson 1982). The possibility of forage 
competition, then, is a real concern. 
Recently, however, other forms of competition have surfaced which 
may be crucial to understanding the relationship between elk and cattle. 
Lonner and Mackie (1983:57) state that: "elk spacing requirements, which 
can limit their distribution and numbers through behavioral and social 
mechanisms, should be recognized as equally or more important than 
forage in natural regulation of elk populations on grazed ranges." 
Indeed, studies have shown that elk avoid or leave areas occupied 
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by cattle before forage competition could be detected (Nelson and 
Burnell 1975, Lonner and Mackie 1983). The apparent tolerance or 
coexistence with cattle has also been shown when elk and cattle 
simultaneously share the same range (Ward et al. 1973, Long and Irwin 
1982). 
Competition for food or competition for space may have resulted in 
the preference by elk for a rested pasture or for areas ungrazed by 
cattle early in the season during this study. Continued elk use in 
pastures when cattle were present, however, indicates elk were not 
totally intolerant of the presence of cattle. Elk were observed 
simultaneously using the same meadows as cattle on several occasions, 
but within a few days elk usually left the vicinity and did not return. 
Results of this study suggest that elk preference for pastures was 
influenced by cattle distribution but the impact of cattle did not 
substantially alter elk use of pastures on this summer-fall range. At 
current stocking rates, elk population levels, and range condition, 
competition does not appear significant. However, signs of competition 
exist. Increased levels of use by either or both species should be 
monitored for signs of more intense competition such as major changes in 
elk use of pastures or habitat use within pastures. Habitat use studies 
would be most productive in pastures 5 (Lake Basin) and 2 (Twin 
Bridges). 
Sampling Bias 
According to Johnson (1980), and Porter and Church (1987), habitat 
availability affects interpretation of habitat selection. In this 
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study, habitat "available" to elk was based on 96% (n = 720) of the 
radio-marked elk locations obtained. Because 4% of the locations were 
not considered, some bias may have been introduced. 
A portion of the non-pasture area on summer-fall range (managed by 
BLM) received cattle use during the study. Elk use was minimal in this 
area (less than 2% [n = 11] of summer-fall elk radio-locations), but 
habitat selection at these locations could have been affected by cattle. 
Also, habitat considered available to elk may have been less than what 
was defined in the non-pasture area if elk were avoiding this area due 
to cattle use. 
Accuracy of radio-locations may also have biased results. Although 
accuracy of LORAN-C was not determined in this study, 75 locations 
plotted on aerial photos were compared to the same 75 locations 
independently obtained by the LORAN-C Navigation System. The average 
difference between points using the 2 methods was 475 m. This 
discrepancy may have resulted from a combination of several factors 
including plotting accuracy on aerial photos; affects of weather 
conditions (especially wind), flying altitude, and steep terrain on the 
LORAN-C Navigation System; transfer of locations made by either method 
to topographical maps; and measurements made between points. In recent 
wildlife-related studies, accuracy of LORAN-C in determining ground 
locations ranged from 29.5 to 186.3 m (Patric et al. 1988) and was 
estimated at <200 m (Boer et al. 1989). 
Management Implications 
Coordination in management of the Herd Creek and Wildhorse 
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allotments is needed to ensure that either Pasture 5 or Pasture 2 is not 
grazed by cattle during the early grazing period. Because both these 
pastures are heavily used by elk early in the season, the greatest 
potential for competition would occur when both pastures were grazed by 
cattle at that time. 
This study demonstrates the importance of proper management of 
livestock allotments on public rangelands. Benefits may be derived for 
both cattle and elk under carefully designed and implemented livestock 
allotment plans. However, poorly regulated livestock grazing in 
allotments also used by elk may result in unnecessary conflicts. 
Management of adjacent livestock allotments should be coordinated, if 
possible, to provide optimal conditions for both elk and livestock. 
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CHAPTER III 
USING THE DAPA METHOD TO EVALUATE THE NUTRITIONAL CONDITION 
OF ELK IN EAST-CENTRAL IDAHO 
ABSTRACT 
Elk fecal material was collected from June 1985 through December 
1986 and analyzed to determine content of diaminopimelic acid (DAPA) on 
a monthly basis. DAPA levels followed the cyclic pattern expected in 
annual forage quality, being highest during spring and lowest during 
winter. DAPA ranged from 0.32 to 1.1 mg/g fecal dry matter. Comparison 
of DAPA levels from pellets collected in areas grazed by cattle to areas 
ungrazed by cattle suggested that dietary quality for elk was not 
affected by cattle grazing; however, results were based on small sample 
sizes. Correlation between digestible energy and DAPA must be 
established for elk, and continued research to verify the basic 
assumptions underlying this method is required before extensive field 
application is justified. 
INTRODUCTION 
Research methods used to determine the nutritional condition of 
wild ruminants often involve direct assessment of physiological 
characteristics of individual animals. Commonly used methods include 
analysis of blood serum (LeResche et al. 1974, Kopf et al. 1984), bone 
marrow (Greer 1968, Verme and Holland 1973, Peterson et al. 1982), and 
kidney fat (Ransom 1965). These methods require death of the animal or 
expensive live trapping procedures and are not usually practical for 
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wildlife managers. 
Indirect methods of assessing the physical well-being of 
free-ranging wild ungulates might provide alternatives. Forage quality 
and quantity are directly related to the growth, productivity, and 
survival of wild ungulates (Byerly 1967, Vavra and Raleigh 1976, 
Connolly 1981, Nelson and Leege 1982). Therefore, evaluation of 
ungulate diets and the nutritional quality of forage have the potential 
to provide indices to animal condition. 
Various ungulate fecal analyses have been used to determine food 
digestibility and forage composition in the diet. Fecal nitrogen (FN) 
is one indirect index for forage composition and food digestibility that 
has received substantial attention. A positive correlation between FN 
and dietary nitrogen (DN) has been exhibited in elk (Mould and Robbins 
1981), snowshoe hare (Sinclair et al. 1982), cattle (Wofford et al. 
1985), and Sika deer (Putnam and Hemmings 1986). However, FN has not 
been established as a reliable index because of inadequate 
predictability (Hobbs 1987) and effects of secondary plant metabolites 
(Wofford et al. 1985, Robbins et al. 1987). 
Recently, fecal nitrogen was found to be positively correlated 
with diaminopimelic acid (DAPA) in white-tailed deer and, to a lesser 
extent, in moose (Leslie et al. 1989). This suggests that DAPA may 
also have a positive correlation with dietary nitrogen and digestible 
energy. 
DAPA is an amino acid found in cell walls of bacteria but not in 
plant or animal tissue (Work and Dewey 1953, Nelson et al. 1982, Van 
Soest 1982). This amino acid has been used as an internal marker in an 
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effort to estimate diet quality and digestible energy. During 
fermentation in the rumen^ bacteria synthesize various proteins, 
including DAPA, from dietary nitrogen for cell maintenance and 
reproduction. DAPA represents a fairly consistent proportion of the 
total bacterial nitrogen in a mixed-bacteria rumen (Nelson and Davitt 
1984). Assuming that fermentation in the rumen accounts for >80% of 
forage digestion, and that DAPA is essentially undigested and unabsorbed 
during the digestion process, a change in digestible forage (energy) 
should be reflected in a change in DAPA levels in the feces (Nelson and 
Davitt 1984). 
Most research involving field application of this method to 
free-ranging wild ungulates has been coordinated by the North American 
DAPA research and development program directed by Nelson between 1982 
and 1986 at Washington State University (WSU), Pullman. 
The objectives of this study were to provide a yearlong pattern of 
DAPA levels (DAPA profile) for the elk herd that winters on Willow Creek 
Summit, Idaho, and to determine if DAPA could be used to evaluate the 
effects of cattle on the nutritional well-being of elk. 
STUDY AREA 
The study area consisted of 78,267 ha in the mountainous region of 
east-central Idaho, 45 km southeast of Challis (Fig. 3.1). Topography 
varies from wide, flat valleys near elevations of 2,000 m, to steep, 
rugged mountains with elevations >3,400 m. 
Fifty-eight percent of the study area supports sagebrush-grass 
communities, with big sagebrush (Artemisia tridentata) representing a 
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Fig. 3.1 Study area, east-central Idaho, 1985 and 1986. 
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major portion of this type. Forested areas cover 26% of the study area; 
predominant species are Douglas-fir (Pseudotsuga menziesii) and 
subalpine fir (Abies lasiocarpa). Mountain-mahogany (Cercocarpus 
ledifolius) communities, riparian areas, meadows, rock outcrops, and 
scree slopes are scattered throughout the study area. 
During this study temperatures were generally warmer and 
precipitation was slightly lower than averages for the previous 9-year 
period (1976-84). On a monthly basis, the average high temperature 
occurred during July 1985 (23 C) and August 1986 (21 C), and the average 
low temperature occurred during December 1985 (-14 C) and January 1986 
(-9 C). During the previous 9 years, the average monthly high occurred 
in July (20 C) and the average monthly low during January (-8 C). 
Annual precipitation was 17 cm during 1985 and 18 cm during 1986 
(Fig. 3.2). The 9-year average annual precipitation was 21 cm. 
Precipitation during the month of September, 1985 and 1986, was much 
higher than the 9-year average. 
Several pastures of 2 large grazing allotments on National Forest 
land are within the study area (Fig. 3.3). The Wildhorse allotment 
operates under a 6-pasture rest-rotation grazing system with 2 pastures 
usually scheduled for rest. Two pastures and half of another are within 
study area boundaries; Pasture 1 (Pinto Creek), Pasture 2 (Twin 
Bridges), and Pasture 3 (North Fork). Each year, a maximum of 1,800 
cow-calf pairs are scheduled to enter the allotment on 1 June and graze 
until 30 September. 
The Herd Creek allotment operates under a 3-pasture rest-rotation 
grazing system. Each year, on a rotating basis, 2 pastures are used in 
77 
MONTHLY PRECIPITATION 
4 -
2 -
• 1965 
a 1986 
• 1976-1984 AVERAGE 
JAN MAR MAY JUL 
MONTH 
SEP NOV 
Fig. 3.2. Comparison of average monthly precipitation for 1985 and 
1986 to monthly averages for previous 9-year (1976-84) period, Challis, 
Idaho. 
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Fig 3.3 Winter-spring (1 Nov-30 Apr) and summer-fail (1 May-31 Oct) 
range and pastures, Herd Creek and Wildhorse allotments, east-central 
Idaho. 1985 and 1986. (Pasture: 1-Pinto Creek, 2-Twin Bridges, 3-North 
Fork, 4-Herd Creek, 5-Lake Basin.) 
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succession and 1 is rested. Two of 3 pastures are within study area 
boundaries; Pasture 4 (Herd Creek), and Pasture 5 (Lake Basin). Each 
year a maximum of 666 cow-calf pairs are scheduled to enter the 
allotment on 16 June and graze until 31 October. A more detailed 
description of the study area is provided by Kratville (1989:7), 
METHODS 
During the winters of 1983-84 and 1984-85, 24 cow elk were fitted 
with radio collars (Telonics, Inc., Mesa, Ariz.) by personnel of the 
Idaho Department of Fish and Game and cooperating agencies. Elk were 
captured along Sheep Creek (northwest of Willow Creek Summit) using 
collapsible Clover traps baited with alfalfa. Trapping was conducted 
from late November through mid-January. 
Aerial radio-tracking surveys were conducted during 1985 and 1986. 
Flights were conducted at least once a month (except Mar and Nov 1985, 
and Jan through Apr 1986, when no flights were made). During 1985, 
flights were scheduled biweekly (once every 2 weeks) during April, June, 
and October and weekly from July through September. During 1986, 
biweekly flights were scheduled during June, September, and November and 
weekly during July, August, and October. Inclement weather and schedule 
conflicts with the pilot required rescheduling some flights. 
All aerial surveys (except Jan 1985) were conducted from a Maule 5 
fixed-wing aircraft specially modified for wildlife research. A 
Telonics H-antenna was attached to each wing strut, and a 6-element Yagi 
antenna was attached to 1 of 2 struts. Radio-frequency signals were 
received through a Telonics receiver and scanner. Locations of 
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radio-collared elk were obtained using the LORAN-C Navigation System. 
By positioning the airplane directly over the radio-collared elk and 
calculating bearings, latitude and longitude coordinates were provided 
for the area directly below the plane. Visual elk locations were 
plotted on aerial photographs when possible. 
Pellet collections were made from June 1985 through December 1986 
to determine average monthly DAPA levels for the elk herd that winters 
on Willow Creek Summit. Pellets collected from June through September 
1985, and from June through December 1986 were made at sites where 
radio-marked elk were observed during aerial surveys. 
Pellets collected during October 1985 through April 1986, when not 
coordinated with aerial flights, were made based on ground locations of 
radio-marked elk. If elk were not visually sighted, the area that 
emitted the strongest signal was searched until fresh pellets were 
found. 
Each pellet collection, or sample, was made from a single group of 
elk (group size usually >10 elk). Because DAPA levels may vary among 
individual animals on the same diet (Nelson et al. 1983), a minimum of 
15 pellet-groups was obtained for each sample to reduce sampling error 
to about 5% (Nelson et al. 1984, 1985). A total of 45 pellets was 
required for analysis of a sample; therefore, depending on the number of 
pellet groups sampled, 1-3 pellets were collected from each pellet 
group. 
Collection and storage of pellets followed methods described by 
Davitt and Nelson (1984). Only fresh pellets (Scott 1978) were 
collected. Pellets were placed in paper bags in the field to prevent 
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possible decomposition of pellets, which may occur in plastic bags at 
high temperatures (B. Davitt, WSU, pers. commun.). Pellets were either 
spread out to dry in the sun (during summer months) and then frozen, or 
immediately frozen when brought in from the field. 
During the summer-fall season, elk pellets were collected in 
pastures and non-pasture areas to determine if any monthly difference in 
DAPA levels could be detected between these 2 areas. Pellets were 
collected from both pasture and non-pasture sites within 3 days of the 
same aerial flight. 
Pellet collections were also made in pastures to determine if DAPA 
levels in elk fecal samples were the same in pastures with cattle 
present and in pastures without cattle. Pellet collections were made in 
pairs (1 collection each from elk located in a pasture with cattle and a 
pasture without cattle) based on observations of radio-marked elk. To 
minimize differences in DAPA levels based on changes in plant phenology 
with time, comparisons were made only between samples collected within 7 
days of each other. 
Analysis of pellet collections for DAPA levels was conducted by the 
Wildlife Habitat Laboratory, Department of Forestry and Range 
Management, WSU. The analysis procedure is described in detail by 
Davitt and Nelson (1984). 
RESULTS 
Forty-nine elk fecal samples (pellet collections) were collected 
(Appendix B); however, 4 samples were not included in subsequent data 
analysis. One sample was discarded because the number of pellet groups 
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<15. Three samples were discarded because they were collected at sites 
where fresh pellets were discovered while walking through an area but 
were not associated with a radio-marked elk location. Each pellet 
collection sampled 15-45 pellet groups, with 90% of the collections 
sampling 15-25 pellet groups. 
DAPA levels of the 45 fecal samples analyzed ranged from 0.32 to 
1.1 mg/g fecal dry matter (FDM). Average monthly DAPA levels from June 
1985 through December 1986 were highest during June (both years) and 
lowest during November 1985 and December 1986 (Fig. 3.4). The decline 
in DAPA from June through December 1985 was similar to the decline 
during the same period in 1986. DAPA levels during September and 
October 1985 were similar, and DAPA levels were the same in August and 
September 1986. DAPA levels increased between April and June 1986. 
Because pellet collections were not taken in March, I could not 
determine if DAPA levels began increasing during February or March. 
Average monthly DAPA levels in pastures and non-pastures were 
compared for the months of July, August, and September 1985. DAPA 
levels were higher in non-pasture areas than pastures during July, but 
higher in pastures than in non-pastures during August and September 
(Table 3.1). Comparison of monthly DAPA levels in pastures and 
non-pastures during 1986 showed average DAPA levels nearly the same 
during June, July, and August (Table 3.1). No significant difference 
between DAPA levels in pastures and non-pasture areas was apparent 
either year (two-sample t-test: 1985, t = 0.37, df = 4, P > 0.05; 
1986, t = -0.07, df = 4, P > 0.05). 
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Fig. 3.4. Average monthly DAPA levels (mg DAPA/g Fecal dry matter) for the Willow Creek Summit 
wintering elk herd, east-central Idaho, June 1985 through December 1986. Solid vertical lines 
indicate standard error, and numbers in parentheses indicate sample size. 
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Table 3.1. Average monthly (Jun-Sep) DAPA levels (mg DAPA/g Fecal dry 
matter) in elk fecal samples collected in pastures and non-pasture areas 
during summer-fall (1 May-31 Oct) season, east-central Idaho, 1985 and 
1986. 
1985 1986 
Pasture Non-pasture Pasture Non-pasture 
n X SE n X SE H SE n x ^E 
Jun 2 0.90 0.02 1 0.90 
Jul 5 0.74 0.06 3 0.84 0.15 5 0.83 0.12 2 0.85 0.00 
Aug 2 0.72 0.11 3 0.56 0.11 2 0.57 0.05 2 0.58 0.02 
Sep 1 0.55 1 0.47 
Four comparisons were made between elk fecal samples collected in 
pastures with cattle and in pastures without cattle. In 3 of 4 
comparisons, DAPA values were higher in pastures that were not grazed by 
cattle (Table 3.2). However, differences between the 4 comparisons were 
not significant (paired t-test: t = 0.72, df = 3, P > 0.05). 
Table 3.2. DAPA levels (mg DAPA/g Fecal dry matter) in elk fecal 
samples collected in pastures without cattle and pastures with cattle 
present, east-central Idaho, 1985 and 1986. 
1985 1986 
Cattle DAPA Cattle DAPA 
Date Pasture present? level Date Pasture present? level 
Jul 9 2 No 0.81 
2 5 Yes 0.77 
Jul 23 2 No 0.71 Jul 23 5 No 0.85 
23 5 Yes 0.66 19 2 Yes 0.93 
Oct 14 4 No 0.52 
22 5 Yes 0.42 
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Aerial surveys indicated that individual radio-marked elk moved 
among pastures and from pastures to non-pasture areas (and vice versa) 
on summer-fall range (Table 3.3). Successive locations (obtained from 2 
successive aerial surveys) of individual radio-marked elk showed that 
10-16% of these elk had moved between a pasture and the non-pasture 
area. More frequently, radio-marked elk moved from 1 pasture to 
another; 27-29% of the radio-marked elk exhibited this movement. 
Only 18% (8/45) of the fecal samples analyzed for DAPA content were 
used in comparisons between pastures with cattle and pastures without 
cattle. This small sample size occurred primarily because radio-marked 
elk were not distributed in pastures with cattle and in pastures without 
cattle within the desired 7-day periods. Also, radio-marked elk were 
often in groups considered too small (<10 elk) to provide the minimum 
number of pellet groups (15) required for a fecal sample. 
DISCUSSION 
Evaluation of Results 
Four factors are important to interpretation of these results. 
First, collections were made from pellet groups deposited by an unknown 
number and combination of individual elk. Assuming a 5% sampling error 
due to differences in DAPA levels of individual elk, an error range of 
0.02 to 0.05 mg DAPA/sample is estimated for the fecal samples obtained. 
Second, replicate analyses of fecal samples at the WSU laboratory 
indicate a 2-3% sampling error in DAPA content through the laboratory 
analysis process (B. Davitt, WSU, pars, commun.). Assuming a 3% 
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Table 3.3. Known radio-marked elk movements between pastures (P) 
and non-pasture areas (NP), and among pastures, on summer-fall 
(1 May-31 Oct) range, east-central Idaho, 1985 and 1986. 
1985 1986 
Crossed No. of Crossed No. of 
Elk successive successive 
I.D. P/NP P/P flights^ P/NP P/P flights^ 
081 0 5 14 1 6 13 
100 1 6 13 
120 1 0 7 1 0 8 
171 3 5 15 
181 1 0 9 0 0 15 
221 2 1 12 2 4 9 
341 0 5 14 0 7 14 
421 0 11 16 2 6 15 
441 6 6 16 
480 4 2 16 1 2 15 
501 4 4 16 5 2 9 
551 4 5 15 0 5 11 
600 3 3 16 
61 1 3 0 16 3 0 10 
621 8 1 13 0 2 9 
630 1 5 14 0 6 11 
650 2 3 11 2 2 13 
680 0 4 14 1 5 14 
690 0 0 1 1 0 0 15 
701 1 5 1 1 
780 2 4 14 
791 1 4 13 1 9 15 
Total 47 79 296 19 56 196 
% 16 27 10 29 
^Based on 2 or more successive flights in which the radio-marked elk 
was located. 
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sampling error on fecal samples due to laboratory analysis, an error 
range of 0,01 to 0.0 3 mg DAPA/sample is estimated for this study. 
A third factor affects interpretation of results when comparisons 
are made between pastures and non-pastures and between pastures with 
cattle and pastures without cattle. Data from this study show that many 
elk moved across pasture and/or non-pasture boundaries between aerial 
survey flights. Elk may have moved across the boundaries (between 
survey flights), and some elk, using areas on both sides of a boundary, 
may have moved across them on a daily basis. Forage eaten by elk is 
usually excreted 2-5 days after being consumed, so pellets deposited by 
elk in 1 pasture, and subsequently collected for DAPA analysis, may have 
been produced partially or completely from forage obtained in another 
pasture or in non-pasture areas. This movement by elk probably 
minimized differences in DAPA levels between compared samples. 
Finally, variation in vegetation between pastures and non-pasture 
areas may have contributed to a difference in forage available to elk in 
these 2 areas and, hence, to differences in DAPA levels. Because 
quantitative vegetation analysis was not conducted, the effects of this 
variation are unknown. 
The DAPA profile of the Willow Creek Summit wintering elk herd is 
similar to DAPA profiles obtained by other cooperators in the DAPA 
research and development program in the western states (Nelson et al. 
1984, Pierce 1985, DeSimone et al. 1986). This profile—DAPA levels 
high during spring and low during winter—reflects the same cyclic 
pattern of digestible energy levels exhibited in elk diets on various 
ranges (Nelson and Leege 1982). Elk that winter in the vicinity of 
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Willow Creek Summit appear to be in relatively good nutritional 
condition. However, without documentation of the quantitative 
correlation between digestible energy and fecal DAPA levels in elk, 
a more detailed evaluation of annual diet quality and inferences of 
nutritional well-being for this elk herd are not justified. 
Comparison of DAPA levels in pastures and non-pasture areas of 
summer-fall range suggests elk diet quality in the 2 areas was similar 
during this study. Apparently, enough forage was available to elk in 
pastures to maintain DAPA levels comparable to those of elk in 
non-pasture areas. However, because of small sample size and relatively 
high variance, results must not be interpreted as conclusive evidence 
that the nutritional well-being of elk using this area was unaffected by 
the presence of cattle on the 2 active allotments. 
Differences in elk DAPA levels between pastures with cattle and 
pastures without cattle were not significant and suggest little or no 
difference in the diet quality of elk (using pastures) due to cattle 
grazing. As in the comparison of elk DAPA levels in pastures and 
non-pasture areas, however, definite conclusions cannot be made. 
Evaluation of DAPA Method 
Currently, the DAPA method is considered experimental, and is not 
generally accepted as a reliable indicator of nutritional well-being of 
wild ungulates. Several of the assumptions based on the nature of DAPA, 
and the digestion process that is critical to the validity of this 
method, are still in question. 
A major concern is that the positive correlation between DAPA and 
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digestible energy has not been well established. Results of controlled 
experiments conducted with domestic sheep, mule deer (Odocoileus 
hemionus hemionus)^ and black-tailed deer (0^ ̂  columbianus)^ suggest 
this correlation occurs (Nelson et al. 1983, Nelson and Davitt 1984, 
Nelson et al. 1986), but research with elk is lacking. 
The only data available on the correlation between DAPA and 
digestible energy for elk are based on fecal samples collected by Mould 
and Robbins (1982) and analyzed for DAPA content by Nelson, WSU (Nelson 
et al. 1983). Results show a general increase in DAPA levels from 0.02 
to 1.0 mg, correlating to an increase from about 30 to 85% digestible 
energy. At this time, I know of no other studies that have attempted to 
quantify the relationship between DAPA and digestible energy (under 
controlled conditions) for elk. 
Another consideration when using this method is the accuracy level 
DAPA is capable of providing. According to Van Soest (1982) and Davitt 
(pers. commun.), this method should only be used as a general indicator 
of nutritional well-being, due to various factors inherent to the 
digestion process of ruminants. 
One combination of factors that can affect the amount of DAPA 
reaching the feces is that individual animals may contain different 
levels of various bacteria populations in their rumens, and the content 
of DAPA in bacterial cell walls can vary between different strains of 
bacteria (Mason and White 1971, Czerkawski 1974). Under these 
circumstances, individual animals of the same species will contribute 
varying levels of DAPA into the feces, given the same forage. This 
factor restricts DAPA to general estimates of digestible energy (Van 
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Soest 1982). Efforts to account for variability of DAPA between 
individual animals have received attention from Nelson et al. (1984, 
1985, 1986). 
Another factor that may affect the level of DAPA reaching the feces 
is digestion or breakdown of DAPA in the hindgut. A basic assumption 
made when using this method is that DAPA acts as an internal marker of 
the bacterial mass present in the rumen and passes through the entire 
digestive system essentially unabsorbed and undigested (Nelson et al. 
1984). Although DAPA passes through the small intestine without 
substantial loss (Hutton et al. 1971, Mason and White 1971), it may be 
degraded in the caecum and colon, depending on the material being 
digested, altering the amount of DAPA reaching the feces (Mason and 
White 1971). If this is true, fecal DAPA may not reflect an accurate 
estimate of rumen bacteria or diet quality. 
Some discrepancy also exists in the literature concerning whether 
or not DAPA is found in plant tissue. Work and Dewey (1953) and Van 
Soest (1982) state that DAPA is only found in bacteria. Czerkawski 
(1974:45) reported that because DAPA "is not found in plant or animal 
tissue, it can be used as a marker of bacterial matter." However, his 
results show DAPA present in feed, although in very small amounts (hay, 
0.15 mg DAPA/g dry matter; dried grass, 0.05 mg DAPA/g dry matter; 
barley, 0.11 mg DAPA/g dry matter). Czerkawski (1974) also determined 
DAPA content in protozoa (0.12 mg DAPA/g dry matter), large bacteria 
(2.15 mg DAPA/g dry matter), and small bacteria (3.60 mg DAPA/g dry 
matter). 
Rahnema (1977) found DAPA in various organic materials including 
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bacteria (3.28 mg DAPA/g dry matter), protozoa (1.02 mg DAPA/g dry 
matter), and casein, a phosphoprotein of milk (2.96 mg DAPA/g dry 
matter). He also found DAPA in selected plant material, which included: 
an 82% sorghum grain diet prepared for cattle (0.27 mg DAPA/g dry 
matter), sorghum grain (0.34 mg DAPA/g dry matter), wheat straw (0.16 mg 
DAPA/g dry matter), alfalfa hay (0.64 mg DAPA/g dry matter), and 
cottonseed hulls (0.12 mg DAPA/g dry matter). In general, DAPA occurred 
in plant materials in amounts 5-20% of the amount found in bacteria. 
Additional research is required to determine if DAPA is present in 
plant species that are used as forage by free-ranging elk. If DAPA is 
present, but in comparatively low amounts, this method may still provide 
a valid measure of general nutritional well-being of wild ungulate 
herds. 
Management Implications 
At this stage of development, the DAPA method is limited in its 
value as a quantitative indicator of elk nutritional quality. Its best 
potential appears to be in providing an indication of general 
nutritional condition over a period of several years. Because the 
year-round DAPA profile developed for the elk herd that winters in the 
vicinity of Willow Creek Summit is compiled from only 1-i-years* data, 
the statement that the herd appears to be in relatively good condition 
is of limited value. 
Determining the effect of cattle on elk nutritional condition using 
the DAPA method may be of value if obtained under "controlled" field 
conditions and over a long period of time. However, results with 
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uncontrolled variables (such as movement of elk and/or cattle across 
pasture boundaries) or results based on short-term data collections (as 
with this study), will not provide adequate information to aid in 
management decisions. 
Use of the DAPA method to estimate the nutritional quality of 
free-ranging wild ungulates remains of interest to wildlife managers 
because of the simple and relatively inexpensive field techniques 
required for sampling and the relatively low cost of DAPA analysis 
(WSU laboratory price in 1989 was as low as $15.50/sample depending on 
the number of samples analyzed). However, continued investigation is 
necessary to validate assumptions and quantify the correlation between 
DAPA and digestible energy before this method can be accepted as a 
reliable indicator of elk dietary quality or nutritional condition. 
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APPENDICES 
APPENDIX A 
ELK HABITAT SELECTION ON WINTER-SPRING (1 NOV-30 APR) RANGE, EAST-CENTRAL IDAHO, 1985 AND 1986 
Proportion No. No. Proportion Modified 
Habitat Total of total of elk of elk elk observed Preference 
parameter random available^ expected^ observed in each Index^ 
Category points (Pa) (E) (O) class (MPI) Rank df 
Cover type 
Forested 47 0.133 
Sagebrush-Grass 230 0.650 
Riparian-Meadow 1 0.003 
Rock 26 0.073 
Mahogany 50 0.141 
Total 354 (n-j) 
Canopy cover (%) 
0 307 0.867 
1- 75 28 0.079 
76-100 19 0.054 
Total 354 (n^) 
Elevation (m) 
<2,015 23 0.065 
2,015-2,325 157 0.444 
2,326-2,635 118 0.333 
2,636-2,945 43 0.121 
>2,945 13 0.037 
Total 354 (n^) 
20 
100 
0 
1 1  
22 
133 
12 
8 
10 
68 
51 
18 
6 
22 
93 
2 
35 
153 <n2) 
131 
7 
15 
153 (n2) 
1" 
76̂  
7^ 
0^ 
153 (n2) 
0.144 
0.608 
0.013 
0.007 
0.229 
0.856 
0.046 
0.098 
0.007 
0.451 
0.497 
0.046 
0.000 
+0.1 
- 0 . 1  
-0.9 
+0.6 
0 . 0  
-0.4 
+0.9 
-0.9 
0 . 0  
+0.5 
-0 .6  
-1.0 
2 
3 
4 
1 
2 
3 
1 
4 
2 
1 
3 
5 
16. r <0.05 
4.9 >0.05 
27.0 <0.05 
APPENDIX A (continued) 
Slope position 
Lower 101 0,387 44 43 
Middle 30 0.115 13 13 
Upper 87 0.333 37 38 
Ridgetop 43 0.165 19 19 
Total 261 (n-,) 113 (112) 
Aspect 
W 62 0. 175 27 13^ 
NW 37 0.105 16 7 
N 28 0.079 12 11 
NE 28 0.079 12 29^ 
E 30 0.085 13 18 
SE 30 0.085 13 11 
S 25 0.071 11 12 
SW 66 0.186 28 24 
No aspect 48 0. 136 21 28 
Total 354 (n-|) 153 (1^2) 
Percent slope 
<15 120 0.339 52 38 
15-30 39 0.110 17 40*^ 
>30 195 0.551 84 75 
Total 354 (n-j) 153 (112) 
Distance to 
nearest moist 
site (m) 
<,409 52 0. 147 23 9^ 
410- 818 39 0.110 17 8^ 
819-1,636 93 0.263 40 43 
1,637-3,274 94 0.266 40 50 
>3,275 76 0.215 33 43 
Total 354 (n.) 153 (112) 
0.381 
0.115 
0.336 
0.168 
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  >0.05 
0.085 
0.046 
0.072 
0.190 
0.118 
0.072 
0.078 
0.157 
0.183 
-0.5 
-0.6 
-0. 1 
+ 1.4 
+0.4 
-0 .2  
+0.1 
- 0 . 1  
+0.3 
6 
7 
5 
1 
2 
6 
4 
5 
3 
25.4 <0.05 
0.248 
0.261 
0.490 
-0.3 
+ 1.4 
- 0 . 1  
19.2 <0.05 
0.059 
0.052 
0.281 
0.327 
0.281 
-0.6 
-0.5 
+0.1 
+0.3 
+0.3 
4 
3 
2 
1 
1 
14.3 <0.05 
CD 
APPENDIX A (continued) 
Distance to 
nearest 
ecotone (m) 
<31 29 0.082 13 22 0.144 +0.7 1 
32-186 114 0.322 49 78^ 0.510 +0.6 2 
187-341 64 0.181 28 22 0.144 tO.2 3 
342-496 35 0.099 15 8 0.052 -0.5 4 
497-651 35 0.099 15 8, 0.052 -0.5 4 
>652 77 0.218 33 15^ 0.098 -0.6 5 
Total 354 (n^) 153 (n2) 
^Expected elk proportions if elk occurred in each habitat parameter category in exact proportion to availability. 
^Calculated by multiplying Pa x n2. 
^MPI = (O - E)/£; observed use is greater than expected use (+); observed use is less than expected use (-)• 
deserved elk use is greater or less than expected by chance (P < 0.05). 
^Minimum esq^ected frequency <1 for at least one cell in the Chi-square test. 
KD 
vo 
100 
APPENDIX B 
DAPA LEVELS (MG DAPA/G FECAL DRY MATTER) IN ELK FECAL SAMPLES, 
EAST-CENTRAL IDAHO, JUNE 1985 THROUGH DECEMBER 1986 
1985 
DAPA 
Sample Date Location^ level 
1986 
DAPA 
Sample Date Location^ level 
2 1  Jan 1 NP 0.393 
22  Feb 12 NP 0.364 
23 
24 
Apr 1 
28 
NP 
NP 
0.435 
0 .682  
25 May 23 0.690 
Jun 18 
19 
P 
P 
0.919^ 
1.051 
26 
27 
28 
Jun 12 
26 
29 
P 
P 
NP 
0.916 
0.884 
0.901 
3 
4 
5 
6 
7 
8 
9 
10 
Jul 2 
4 
9 
10 
16 
23 
23 
30 
P 
NP 
P 
P 
NP 
P 
P 
NP 
0.771 
1.013 
0.813 
0.771 
0.786 
0.706 
0.660 
0.732 
29 
30 
31 
32 
33 
34 
35 
Jul 3 
8 
17 
19 
23 
29 
30 
P 
P 
NP 
P 
P 
NP 
P 
0.840 
0.913 
0.858 
0.933 
0.850 
0.851 
0.633 
11 
12 
13 
14 
15 
Aug 7 
17 
20 
27 
28 
P 
NP 
P 
NP 
NP 
0.644 
0.531 
0.795 
0.683 
0.478 
36 
37 
38 
39 
Aug 12 
13 
26 
27 
P 
NP 
P 
NP 
0.535 
0.591 
0.604 
0.567 
16 
17 
Sep 6 
12 
P 
NP 
0.551 
0.474 
40 
41 
42 
Sep 4 
4 
24 
P 
P 
P 
0.505^ 
0.569 
0.563 
18 Oct 30 NP 0.494 43 
44 
45 
46 
Oct 14 
2 2  
22 
31 
P 
P 
P 
NP 
0.515 
0.419 
0.347^ 
0.467 
19 
20 
Nov 25 
Dec 19 
NP 
NP 
0.390 
0.421 
47 
48 
49 
Nov 20 
Dec 16 
16 
NP 
NP 
NP 
0.367 
0.321 
0.321^ 
101 
APPENDIX B (continued) 
^P = Pasture? NP = Non-pasture area. 
^Sample #1 was not included in analysis because of small sample size 
(2 pellet-groups). 
^This sample taken for comparison to the other sample taken on same 
date. No elk were observed where this sample was obtained, but fresh 
pellets were available. Both samples taken in same drainage. 
